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GUILFORD LAWSON SPENCER, 1859-1925 


Guilford L. SpENCEU^ti entire career was devoted to sugar work. His 
interest in the technology and chemistry of sugar dates from the time when 
he was a student at Purdue University under Dr. Harvey W, Wiley, with 
whom he was to be associated later in the Bureau of Chemistry at Washing- 
ton. After obtaining his bachelor's degree at Purdue in 1879 Spencer went 
to the University of Michigan for graduate work, receiving an M. S. in 1882. 
His doctor's degree was granted several years later (1893) by Purdue. From 
the University of Michigan he went to France to study sugar manufacture 
under the late Henri Pellet and spent two years in a beet factory where he 
mastered the practical phases of every station, becoming a trained sugar- 
boiler and finally passing on to the laboratory. During these two years he 
came in contact with many of the noted sugar chemists of that day, includ- 
ing PelUit, Sacha, Dupont and others. 

The next forty years may be divided into two periods; the first, from 
1885 to 1905, when Dr. Spcmccr was with the Department of Agriculture as 
Dr. Wiley's assistant and as Cluef of the Sugar Laboratory in the Bureau of 
Chiirnistry; the second, the last twenty years of his life when ho was in com- 
mercial work in Cuba as General Superintendent of Manufacture of the 
Cuban-American Sugar Company. However, throughout the time of his 
association with the Government he was in constant touch with commercial 
sugar work and the practical problems of manufacture. 

Dr. Wiley was appointed Chief of the Bureau of Chemistry in 1883 and 
immediately started an extensive study of sugar manufacture (beet, cane, 
sorghum and maple) in the United States. He appointed Spencer as his 
jissistant, some of whose earliest work with the Bureau was in connection 
with the investigations instituted by Dr. Wiley into the commercial manu- 
facture of sugar from sorghum by diffusion and carbonation. The work was 
(uirri(‘ii out at Fort Scot.t, Kansas, under Dr, Spencer's supervision and it was 
during t>his work that he had the distinction of boiling the first strike of sor- 
ghum sugar ever disciiarged from a vacuum pan. The succeeding years found 
this study of diffusion cxtendcid to sugar cane at the Warmoth plantation, 
** Magnolia," in Dniisiana, where Spencer demonstrated that from 25 to 40 
per <*.ent more sugar could be extra(itcd,than by the crude milling methods 
th(in in vogue. While at Magnolia he introduced the first filter-press into 
Ijouisiana and this may mark the first use of this important picc<% of machin- 
(Ty iti <'ane-sugar manufacture in the Westcim hemisphere. The work on 
diffusion is now of historic intiTest only, but it is generally conceded that it 
wiw thnmgh the threat of the nm process that manufacturers were forced to 
develop more p()werful mills, which have finally reached an extractive effi- 
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ciency almost equaling that of difiusiozi, vvithout the added fuel expense which 
made the diffusion process impracticable. 

During the intervals between sugar crops Dr. spencer worked in the 
Bureau at Washington on problems related to sugar chemistry and analysis, 
thus alternating scientific research with the study of the technology of the 
sugar house. In 1888 he married Emma Fiske, daughter of Samuel Fi)^e, 
inventor of the green bagasse burner and the cane shredder. 

In considering the latter half of Spencer’s life work, i.e., his twenty years 
in Cuba, it may be well to quote Dr. Charles A. Browne, who succeeded him 
as Chief of the Sugar Laboratory and who later succeeded Dr. Wiley as Chief 
of the Bureau of Chemistry. 

'*Dr. Spencer’s long apprenticeship under Dr, Wiley had convinced him , 
of the was^ul methods of the old hot room, and he began his work in Cuba 
with the defiboite plan of producing grain sugar and final molasses in one 
operation. Success attended his efforts at the very beginning. In March, 
1910, he wrote ^the methods are extending rapidly in the Island and I venture 
to predict that within a few years the string sugars will cease to be produced.’ 
This prophecy was very quickly realised. . . . This splendid result has meant 
a gain of many millions of dollars to the sugar industry of Cuba, which has 
profited to an almost equal extent through Dr. Spencer’s efforts to produce 
a dryer, cleaner sugar that would not deteriorate. These two accomplish- 
ments—the elimination of molasses sugars and the reduction of losses from 
deterioration— are lasting monuments to Spencer’s work as a raw-sugar 
technologist.” 


Of similar importance was his standardization of the analytical proce- 
dure, technical control and technical accountancy of cane-sugar manufacture. 
Practically all well-controlled sugar factories of the Western Hemisphere 
employ methods along the lines laid down by him. 

Dr. Spencer gave to the sugar industry the unusual combination of author, 
trained scientist, highly specialized technologist and practical sugar-maker. 
Added to thffi was a proclivity for designing special laboratory apparatus, 
and the extent to which he exercised this may be judged from descriptions 
of his devices which are given in this book. An insight into the activity of 
his mind and the scope of his work may be gained by the accomplishments 
of the last five yeam of his life. During this short ^riod he patented a prac- 
tical process for the desugaring of cane molasses; designed an electrically 
operated automatic cenytugal and devised a laboratory apparatus for the 
calibration of glass flasks tA^t Is of sudi accuracy that it was adopted for use 
by the Bur^u of Stands^. ^ 

G. R M* 
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THE MANUFACTURE OF CANE-SUGAR 


CHAPTER I 

ECONOMIC PHASES OF THE SUGAR HTDUSTRT 

1. Historical. — Sugar-cane is generally believed to have originated in 
Northern India, the earliest mention of it being in some of the legends con- 
cerning Buddha about the 4th Century b.c. There was no field culture and its 
use for several centuries was restricted to chewing the cane and drinking the 
juice. !From India the planting of cane probably spread first into China. 
Neither sugar nor sugaivcane are referred to in the Bible, the Talmud, or 
the Koran although all three mention honey several times. The earliest posi- 
tive evidence of sugar in solid form seems to date from about a.d. 500 in Persia, 
the original Persian name for white sugar being '' kandi-sefid ” from which 
comes our word “ candy.” “ Shekar,” or “ Shakar,” the East Indian word for 
sugar, shows the origin of our term. In its earliest days sugar was a rare deli- 
cacy and was also highly valued for medicinal purposes. 

Commercial manufacture and refining developed in Egypt during the 9th 
and 10th Centuries and the exportation of sugar was an important part of that 
country’s commerce. The culture of the sugar cane had been spread by 
the Arabs through Northern Africa and Southern Europe at the same time 
that it was being carried into Java and the Philippines by the Chinese. The 
Crusaders brought sugar back to France in the 11th and 12th Centuries, after 
which time the commerical development and use became wide-spread in 
Europe. 

Columbus introduced sugar-cane into Santo Domingo on his second voyage 
in 1494 and from there it was carried to Cuba and other West Indian, Central 
and South American sections. The industry did not attain immediate impor- 
tance here, but by 1600 the production of raw sugar from cane grown in trop- 
ical America was the greatest industry in the world at tlmt time. The culti- 
vation in Louisiana dates from 1750. 

Sugar refineries were built in Germany, France and England in the 16th 
Century. The first commercial beet sugar was made about the middle of the 
ISth Century, the culture and manufacture being largely developed through 
French initiative toward the end of the century, this branch of the sugar 
industry being extended to the United States about 1835. 

2* World Production.— -The total sugar produced in the world (both cane 
and beet) has niearly trebled in the last thirty years (see Fig. 1). The prodyic- 
tfoa f<^ the last three years is shown in the following table. (WiUott & Gray) : 
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Cane Sugar 


Tons, 2,240 Lbs. 

1927-28 

1926-27 

1925-26 

Cuba 

4,011,717 

4,508,521 

4,884,658 

United States (La.) 

63,207 

42,112 

124,447 

Porto Rico 

665,000 

562,679 

541,485 

Hawaii 

773,000 

724,403 

705,350 

Santo Domingo 

340,058 

303,524 

354,720 

British West Indies • 

237,000 

222,485 

215,501 

Mexico : . 

175,000 

181,858 

190,282 

Argentina 

421,601 

475,695 

395,733 

Brazil 

650,000 

850,565 

676,524 

Peru 

350,000 

375,963 

275,561 

Other countries 

368,162 

361,497 

347,922 

Total in America 

8,054,745 

— 

8,609,302 

8,712,183 

British India 

3,221,000 

3,225,000 

2,977,000 

Java 

2,359,050 

1,959,948 

2,278,900 

Formosa and Japan 

691,230 

523,054 

616,584 

Philippines 

596,033 

584,238 

436,705 

Total in Asia 

6,867,313 

6,322,240 

6,309,189 

Egypt, Mauritius, Reunion, 
Natal and Mozambique 




646,775 

619,444 

668,514 

Australia 

493,049 

415,611 

522,344 

Fiji Islands 

95,114 

69,071 

100,810 

Spain 

9,000 

6,719 

8,704 

Total Cane Sugar 

16,165,996 

16,042,387 

16,321,744 

Beet Sugar 




United States 

965,241 

801,246 

804,439 

Canada. 

27,212 

31,422 

32,475 

Germany. 

1,665,000 

1,657,088 

1,595,545 

Czecho-^lovakia 

1,240,000 

1,043,259 

1,497,004 

Russia and Ukraine 

1,471,320 

871,020 

1,041,903 

France 

870,000 

729,082 

757,987 

Poland 

565,182 

552,553 

575,673 

Great Britain and Ireland 

208,114 

165,465 

51,784 

Other Countries in Europe 

1,939,812 

1,853,425 

I ' 

1,933,397 

Total Beet Sugar 

8,951,881 

7,704,560 

8,290,207 

Granb Total: 

Cane and Beet Sugar 

25,117,877; ! 

i 23,746,947 

24,611,951 


•''i''* '' int'i ‘ 

,'T-rrr n — r- 
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Fig. 1. — Sugar Productioii and Price Hange. 
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cost price paid by the refiners for raws may be obtained by adding the amount 
of the duty from Cuba as given in the following tabulation: 


Basis 96° Test 

From Cuba, 
Cents per Lb. 

Other Foreign 
Countries, 
Cents per Lb. 

July, 1897, to Dec. 27, 1903 

1.685 

1.685 

Dec. 27, 1903, to Mar. 1, 1914 

1.348 

1.685 

Mar. 1, 1914, to May 27, 1921 

1.0048 

1.266 

May 27, 1921, to Sept. 22, 1922 

! 1.600 

2.000 

Sept. 22, 1922, to Date (Feb., 1929) 

1.7648 

2.206 



The calculation of the duty into the United States (as in force February, 
1929) is made as follows: Subtract 76 from the polarization, multiply by 4.6, 
add 1.24 for fuU duty sugars; deductiz^ 20 per cent for the preferential duty 
from Cuba. Thus for 97.2® sugar subtract 75 = 22.2 X 4.6 =* 1.0212 + 1.24 
« 2.2612 cents, which would be the full duty on 97.2® sugar. Deducting 
20 per cent or .45224 =* 1.80896 cents, the duty on Cuban raws at 97.2®. 
Subtracting the duty for 96® test as given above 1.7648 *= .04416 cent, the 
duty increment ” used in the price calculation given below. 

The Sugar Institute, Inc., adopted the following allowances in March, 1928, 
for the calculation of the price of raws purchased on a basis of 96® Test Cubas 
c & f New York: 

96® to 97® — ^add 1.60 per cent of the basis price 

97® to 98® — add an additional 1.25 per cent of basis price 

96® to 95® — deduct 1.60 per cent of the basis price 

95® to 94® — deduct an additional 2.00 per cent of basis price 

94® to 93® — deduct an additional 2.50 per cent of basis price 

Fractions of a degree in proportion. 

No additional allowance above 98®. No sugar to be delivered below 93® 
unless on terms mutually satisfactory to Consignee and Seller. 

Price Adjustment on 97.2° Polarization Cuban Sugar Purchased on 
Basis 2§ Cents c & f for 96® 


Cents 

Basis 96®e&f 2.60000 

Add for 96 to 97, IJ per cent 03750 

Add for 97 to 97.2, A of IJ per cent 00625 


Adjusted price, c&f 2. 54375 

Add duty at 96® 1,76480 

Add duty increment, 96-^.2 0.04416 

Add insurance. 0.00520 


Cost to refiner 4 . 35791 
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Price Adjustment on 97.2® Polarization Porto Rican Sugar Purchased 
ON Basis 4.27 cents C.I.F. (Cost, Insurance, Freight) for 96® 

Cents 

Basis 96® c.Lf 4.27000 

Deduct 1.77000 

Equivalent cost and freight, Cubas 2.50000 

Add for 96 to 97, IJ per cent 03750 

Add for 97 to 97.2, A of li per cent ^ 00625 

Adjusted equivalent, c. & f 2.54375 

Add duty at 96® and insurance 1 . 77000 

Add duty increment, 96-97.2 0.04416 

Cost to refiner 4.35791 


Raws entering England are purchased on 96® Test (cost, insurance, freight) 
basis, with the following allowances for variations in test: 

For each degree above 96® lid. (pence) per cwt. added 
For each degree below 96®-94® 3d. (pence) allowance per cwt. 

For each degree below 94®-93® 4id. (pence) allowance per cwt. 

For each degree below 93® 9d. (pence) allowance per cwt. 

The sugar duties for raws entering England (1928) are as follows: 


Polarization 

Non-preferential Duty 

Preferential Duty for 
British Colonies 

Shillings 

Pence 

Shillings 

Pence 

92-93 

7 

5.6 

4 

0.5 

93-94 

7 

8.2 

4 

1.9 

94-95 

7 

10.9 

4 

3.3 

95-96 

8 

1.6 

4 

4.8 

96-97 

8 

4.3 

4 

6.3 

97-98 

8 

7.0 

4 

7.7 

Exceeding 98 

11 

8.0 

4 

9.2 

99-100 

11 

8.0 

5 

10.0 


4. Sugar as a Food. — Refined sugar is practically a chemically pure product 
consisting of about 99.9 per cent or more of pure sucrose, the remaining tenth of 
a per cent or less being mostly moisture. Statistics of the United States 
Department of Agriculture show that at the average market price of 1927 
refined sugar gives more food value (in calories) per dollar^s worth than any 
other common foodstuff on the market. The relationship follows: The calories 
in $1.00 worth of granulated sugar would have cost $1.80 in bread; $2.40 in 
potatoes; $3.44 in pork; $4.07 in milk; $5.50 in beef; and $11.10 in eggs. It 
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is to be understood that granulated sugar is pure carbohydrate while the other 
products mentioned are more or less whole foods, so the comparison is not one 
of dietetic value but of the foods as energy producers. The per capita con- 
sumption of sugar for various countries during 1927 is listed below: 


Australia 118.61 

United States 112.21 

Denmark. 107.14 

Cuba 100,31 

Canada 91.93 

Great Britain 90.39 

Ireland 76.50 

Switzerland 74.74 

Sweden 72.09 

Argentina 70.33 

Holland 69.67 

Norway 64.59 

Czecho-Slovakia 58.86 

Austria — 57.98 

Belgium 53.13 

Germany 52.91 

British South Africa 48.06 


Brazil 47.18 

France 43.65 

Algiers, Morocco and Tunis.. 39.02 

British India 27.78 

Hungary 27.34 

Poland 26.68 

Persia 25.75 

Spain 25.13 

Japan 24.91 

Mexico 24.25 

Egypt.... 23.37 

Italy 19.62 

Russia 16.31 

Rumania 14.77 

Bulgaria.. 12.13 

Turkey 9.92 

China 4.19 



CHAPTER n 


RAW MATERIAL 

6. Sugar-Cane.-^ugar-cane is a large grass bdonging to the genus Sao 
cMrum and ascribed by most authorities to one species, Saccharum Offidmrum, 
The endless varieties which occur throughout the tropical and semi-tropical 
regions of the world are the results of soil conditions, climate, and modes 
of cultivation. Stubbs in his work The Sugar Cane ” recognized three 
^classes, the divisions being (1) white, yellow and green canes, (2) striped or 
ribbon canes, and (3) solid colors not included in the first Dark- 
colored canes are usually grown in the sub-tropics while the lighter-colored 
canes of Class 1 have been favored in the tropics. The usual cane in Cuba 
is the “ cristalina which occurs abundantly in many sugar countries under 
various names. 

6. Seedling Canes. — Up to about forty years ago the flowers were 
believed to be sterile but the discovery (about 1888) that the cane produces 
viable seed started a search for new varieties in experiment stations in vari- 
ous parts of the world which has resulted in the production of large numbers 
of seedlings. The seedlings are crossed with other seedlings and with 
varieties in order to develop certain characteristics. These experiments have 
resulted in several varieties which are now in broad culture. The new varieties 
are selected for some particular qualities such as richness in sucrose, resistance 
to disease, persistence of type, time of ripening, milling qualities, fuel value, 
color, etc. The first extensive use of seedling varieties was in Java where 
few of the old varieties are now cultivated. 

The seedlings are designated by initials and numbers, the initials indicat- 
ing the origin, the best known being the famous P. 0. J. series (Proefstation 
Oost Java or East Java Experiment Station), Seedlings originating in 
Demarara (British Guiana) form the “ D series, while the irdtials P, R. for 
Porto Rico, B. for Bardados, H. for Hawaii, etc., are easily recognized.^ 

7. Selection of Varieties, — ^Because of the restricted land in Hawaii and 
Java a constant search for varieties giving higher yield of sugar per acre 
has resulted in the gradual replacement pf old varieties for new,* but on this 
side of the globe except in the British West Indies and Louisiaiia dependence 
until very recently has been largely on the so-called “ native canes; i.e., 
those that have been in cultivation in the locality for many generations. 

^ For an exhaustive description of cane varieties see Arthur H. Rosenfeld, 
Jour. Dept. Agr. of P. R., Vol. XI, 1927. 

*See Maxwell, Economic Aspects of Cane Sugar Production. Chapter XI. 
Iiondon, 1927. 
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Earle * says: " It is only through calamities that threaten the very exist- 
ence of the sugar industry that progress in the knowledge of cane and its 
culture usually occurs.” The terrific inroads of the Mosaic Disease in the 
Argentine which threatened the extinction of the industry about 1910 were 
stopped by the introduction of the P. O. J. varieties by Rosenfeld and others. 
These Java canes, though not immune to mosaic, are highly resistant to its 
effects, and the crops in the Argentine are now much greater than at any 
time in the history of the industry. Similarly in Porto Rico mosaic devel- 
oped to an alarming extent between 1915 and 1918 necessitating the intro- 
duction of new varieties by Earle and Rosenfeld. Uba cane, immune to 
mosaic, was found effective in checking the disease but its low sucrose, high 
fibre, and other poor manufacturing qualities have caused its replacement by 
Java and British West Indies seedlings, In 1918 Porto Rican plantings were 
98 per cent of “ native ” canes (Rayada and Cristalina), but today many of 
the more progressive companies have changed almost completely to seedling 
varieties with notable increase in yield.-* 

Louisiana used Dematara seedlings for many years, but mosaic, the cane 
borer and other maladies reduced the yields per acre to an extremely low 
figure. The P. O. J. canes are now being tried out with indications that they 
will give the same successful results that attended their use in the Argentine. 

Cuba still continues to produce Cristalina almost entirely but mosaic and 
other diseases are becoming more and more prevalent and may force recourse 
to seedlings here as they have done in other countries. 

8. Mode of Growth. — Sugar-cane is propagated by means of the buds 
that are located at the nodes. Pieces or cuttings of the cane are planted with 
a very shallow covering of soil or in certain localities are only partly covered, 
but in this latter event are irrigated. Each bud produces a plant and from 
each of these there are several shoots or suckers. These form a clump or stool 
of canes. The cane under suitable soil and climatic conditions is usually 
planted but once in several years. New plants, termed “ ratoons,” spring up 
from the stubble, after harvesting the cj^p, and produce a second crop and so 
on. Fiscal or soil and climatic conditions sometimes limit the crop to plant- 
cane ” or to plant-cane and one or two ratoons. 

The length of time that the cane is allowed to grow before harvesting 
varies greatly in different countries. In Louisiana climatic conditions require 
that cutting begins after seven or eight months’ growth, so that the cane never 
fully matures; Cuba and Porto Rico average ten to twelve months, whereas 
in Hawaii the bulk of the crop is allowed eighteen, twenty or even twenty-four 
months’ growth. The ripening of cane depends on many factors, most impor- 
tant of which are the nature of the variety and amount and distribution of rain- 
fall or irrigation. The plant matures with the approach of cool or dry weather, 
the highest sugar yields being found in countries with a pronounced dry season, 
while in irrigated countries the distribution of water is suspended for a few 

* Pacts A^ut Sugar. May 7, 1927. 

^The Varietal Revolution in Portp Riqo,” Vol. XI, 19t27, Jour, 
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weeks previous to the cutting season in order to ripen the cane. The sucrose 
content of the stalks increases and the reducing sugars decrease as the plant 
approaches maturity. 

Some varieties of cane “ arrow ” or flower freely in the tropics while others 
seldom or never flower. A very few arrows have been noted in Louisiana and 
then only in exceptionally mild years. It is generally believed in Cuba that a 
year in which the cane arrows freely is not usually very productive. Such 
cane, however, is often very rich in sucrose and of low invert-sugar content. 
It increases in its sucrose content for several months after flowering, and, as 
is true with other canes, deteriorates as regards the sugar when the rainy season 
begins. The yield of cane, however, may be small, since the plant grows little 
taller and heavier after flowering. 

Normal sugar-canes are never hollow or partially so. They contain approx- 
imately from 87 to 90 per cent of juice and some water, in composition with 
certain plant constituents (colloid water), that contains little or no sugar. 
Canes that are abnormal on account of some climatic or other conditions are 
sometimes hollow, but the proportion of such cane is usually very small. 

9. Harvesting.— This usually begins long before the cane is considered to be 
ripe in order to obtain a longer working season. The stalks are cut off close to 
the ground in harvesting and should be topped just above the hipest colored 
joint. These conditions vary somewhat with the country and whether the 
fields are irrigated. Where irrigation is practised, the two or three top joints 
are usually removed for use in planting new fields. Since these joints are of 
lower sucrose and higher glucose (invert sugar) content than the rest of the 
stalk, the raw material entering the factory is improved by their removal. 
Owing to scarcity of labor in Cuba, the canes are often topped too high, thus 
giving the laborer a larger wage and the farmer more cane, but reducing the 
return to the manufacturer through a smaller yield of juice in milling and the 
necessity of grinding the poorer parts of the stalk. It is customary in harvest- 
ing in Java to dig the earth from about the plants and cut off the stalks a 
foot below the surface of the ground. The top joints of the canes are reserved 
for “ seed in planting. The tops, as stated, are only available for planting 
when irrigation of the fields is practised. 

The sugar content of the cane deteriorates rapidly after the stalks are cut, 
therefore these should be conveyed to the mills as soon as possible and be imme- 
diately ground. The small factory usually has an advantage with respect to 
the freshness of its raw material, owing to its proximity to the fields, as com- 
pared with the large factory. The latter generally has a considerable quantity 
of cane cut in advance of grinding, which lies exposed to the sun in the fields, 
otherwise regularity in the delivery of the raw material cannot be assured. 
This is unquestionably a source of huge loss each year which is preventable 
in part at least by more systematic harvesting. 

Dr. Spencer noted a fall of several degrees in the coefficient of purity of 
the juice from canes that had been cut and left lying three or |bur days in a 
hot climate, exposed to the sun in cars and on the ground. 1% also stored 
cane under cover, during cool weather in Louisiana, with no appreciable deteri- 
oration in a period of more than two weeks. 
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The lower leaves of the cane become quite dry as the harvest season 
advances. These often take fire through accident or intention. It is usual to 
bum cane fields that contain irritating weeds or when the cane is small and 
trashy. This burning is to facilitate harvesting and it is practised especially 
where labor is expensive. The cane is not injured by burning, but it must be 
harvested very promptly to avoid loss through deterioration, which is acceL 
erated by the burning. The rate of deterioration is greatly increased should rain 
fall upon the burned cane. The manufacturer agrees in most Cuban cane con- 
tracts to receive burned cane up to and including five days without deduction 
from the price, but in the event of rainfall he may refuse it at any time. The 
purification of the juice is not usually so readily accomplished with bxarned 
as with sound cane, and the heating-surfaces of the evaporator foul sooner. 
The fine particles of carbon sometimes persist through the manufacture and 
finally appear in the sugar. It is preferable to grind a mixture of sound and 
burned cane rather than burned cane alone, since the mixed juices are more 
readily purified. 

10. Transporting. — ^The method of transportof the cane to the factory varies 
with local conditions. Small factories usually transport their cane in carts or 
small cars. Portable railways are largely used in the Hawaiian Islands and in 
Java, but almost not at aU in Cuba. The cane is brought to the factory or 
railway in Cuba in bullock carts. It is fiumed to the factories in the Island of 
Hawaii and in British Guiana is usually transported in punts. The use of 
flumes and punts complicates the estimating of the percentage yield of jtiice by 
the mills. Inferential methods, based upon the analysis of the cane and juice 
and the wei^t of the latter, may then become necessary. 

11. Composition of the Cane. — Sugar-cane varies greatly in richness in 
different coimtries, as well as in different localities in the same country, and in 
different y|||rs in the same locality. The sucrose content in Cuba rarely 
reaches 17^ cent, averaging between 13 and 14 while Louisiana considers 
12 per cent as very rich. 

The table on next page, showing the composition of the stalks of Louisiana 
cane at the time of harvesting, November-December, is ixxserted through the 
courtesy of Dr. C. A. Browne, Chief of Research Dept, of the Bureau of Chem- 
isty and Soils and formerly of the Louisiana Sugar Experiment Station. The 
figures are condensed from many analyses of the purple variety of the cane. 
Tile composition of the cane varies with climatic conditions, character of the 
soil, manner of fertilization and cultivation, the age of the cane and its variety. 

The juice of the cane contains nitrogenous substances that are more or less 
objectionable in the manufacture. Fritz Zerban ‘‘•isolated asparagin, gluta- 
min and tyrosin. A part of the asparagin and a still greater part of the glu- 
broken up in the manufacture with the result that aspartic and glu- 
taimMRds accumulate in the molasses along with undeeomposed asparagin 
andi^tai)^;^ These' ^ds are largely responsible for the ammonia given off 
during thewBoratibh of the juice. Add amids and aminoadds are positive 
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Composition op Louisiana Sugab-Canb 



Per Cent 

Per Cent 

Water 

. 74.50 


74.60 



'Silica, Si02 

. 0.25 



Potai^, KzO 

. 0.12 



Soda, Na20 

. 0.01 



1 Lime, CaO 

. 0.02 

Ash 

. 0.50 

Magnesia, MgO 

0.01 



Iron, Fe208 

. Trace 



Phosphoric acid, P 2 O 6 

. 0.07 



Sulphuric acid, SOs 

0.02 



Chlorine, Cl 

. Trace 



Cellulose 

. 6.50 

Fiber 

.. 10.00 ■ 

Pentosans., Xylan 

. 2.00 

(Cane-gum) J Araban 

.50 



Lignin bodies, etc 

. 2.00 



r Sucrose 

. 12.50 

Sugars 

.. 14.00 \ 

Dextrose 

.90 


1 

ILevulose 

.60 



[Albuminoids 

. 0.12 



Amids (as asparagin) .... 

, 0.07 

Nitrogenous bodies 

(Total N .06 per cent) 

.. 0.40 j 

Amido acids (as aspartic). 

Nitric acid 

Ammonia 

. 0.20 
. .0.01 
. Trace 


1 

.Xanthin bodies 

. Trace 

Fat and wax 

.. 0.20 


0.20 

Pectin (gums) 

, . 0.20 


0.20 

Free acids 

0.08 

(Maiic, succinic, etc.) . . . , 

. 0.08 

Combined acids 

0.12 

(Malic, succinic, etc.) . . . . 

. 0.12 

Total 

.. 100.00 


100.00 


A small amount of cane-gums (pentosans) and of fat and wax find their way 
into the juice during milling; these together with the pectin acids and nitrog- 
enous bodies make up the organic solids, not sugar of the juice. The amount 
of these organic impurities depends upon the age and variety of the cane and 
also upon the pressure of the mill-roUers. Their percentage is much higher in 
the juice from the second and third mills than in the juice from the £b:st miLl.^^ 
Most of the fat and wax, the greater amoimt of albuminoids, and part of the 
gums of the juice are removed during the clarification. 

The sucrose content of the cane and also the coefficient of purity of the 
juice vary greatly in different parts of the stalk. The juice of the nodes is of 
lower sucrose content and lower purity than that of the intemodfis. A similar 
difference exists between the lower and upper halves of the stalk 

^Cane-sugar, Prinsen-Geerligs, 2d edition, 31. Browne, La. Planter, 1904, 
82,49, 
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The composition of the ash of the juice also varies from year to year, as 
may be noted in the following table, columns “ A ” ; 


Analysis of the Ash of Cuban Cane Juices 
(Percentages of the Ash) 


Factory and crop year 

A 

A 

B 

C 

D 

B 


(1913) 

(1912) 

(1912) 

(1912) 

(1912) 

(1912) 

Silica, SiOa 

6.56 


6.82 


6.10 

6.46 

Iron and alumina, Fe203, AI2O3.. 


12.48 

4.80 

8.20 

5.44 


Lime, CaO 

7.62 

10.25 

10.77 

13.02 

5.77 

4.70 

Magnesia, MgO 

6.56 

6.83 

7.88 

7.64 

5.17 

5.01 

Potash, KaO 

25.15 

27.14 

32.64 

29.30 

43.66 

46.28 

Soda, NaaO 

5.36 

2.32 

3.20 


1.88 

1.86 

Phosphoric acid, PaOs 

5.44 

7.15 

Trace 

3.90 

4.79 

4.21 

Sulphuric acid, SOs 

16.02 

9.84 

10.76 

17.94 

12.16 

4.08 

Chlorine, Cl 

5.14 

5.10 

10.95 

8.10 


12.90 

Carbonic acid, CO 2 

2.68 

9.59 

. 7.47 

3.02 

8.22 

10.63 


12. Reaction of the Juice in the Cane. — ^The H-ion concentration (pH) 
of the juice in mature canes has been found to be a fairly constant figure. 
Paine and Balch of the Bureau of Chemistry and Soils studied the pH of 
crusher juices in Porto Rico immediately after extraction and found them to 
be between 4.97 and 5.13 with an average of 5.06. They concluded that the 
pH number would be a criterion of the quality of the cane being milled. It 
is of interest to note that the pH of the juice drops as the cane matures and the 
pH of healthy canes in Louisiana where cane rardy reaches maturity is between 
5.4 and 5.5. Cane which has been cut and left in the field until the juice has 
begun to sour, juice from frozen or burned canes, or other abnormal canes will 
show much lower pH values than given above. 

13. Manufacturing Season. — ^The season begins at greatly varying dates in 
various parts of the world. In the almost rainless districts where irrigation is 
practised, grinding may be prosecuted during nearly or quite the entire year. 
This is true in Peru and in parts of the Hawaiian Islands. The season of manu- 
facture begins in October and November in Louisiana and lasts through 
December and often into January. The season begins in December in Cuba 
and in January in Porto Rico. The usual manufacturing period of the West 
Indies, is fron^,pecember until June, though grinding may continue into Sep- 
tember or ev^ longer in parts of the northeast coast of Cuba, with frequent 
intejruptfion on,. account of rains in May and the following months. The 
9^w«(^an!i|fawn begins in November and continues about six months, though 

in many parts of the Islands permit a very much longer 
season: factotfii of the Dutch East Indies grind dining the dry mon- 

Sugar. Vol. 29 (1927), p. 206. Vol. 30 (1928), p* 8. 
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soon, or from about May into November. This corresponds very nearly with 
the Argentine season. 

The advent of the rainy season determines the close of the manufacturing 
period in the Tropics. The rains not only interfere with the transportation 
of the cane, but cause it to renew its growth at the expense of its sucrose 
content. 

14. Purchase of Cane. — In Cuba cane is sold to the factories without 
regard to its richness in sugar or the purity of the juice. The grower is allowed 
4 to 7 per cent of the weight of the cane in 96° sugar, the percentage varying 
with the location of the factory and the competition for cane. Porto Rico 
works on a similar basis, allowing 6 to 7 per cent, but penalizes the seller if the 
juice shows less than 13 sucrose or 80 purity. In the Hawaiian Islands and 
Java most of the cane is grown by the factories that grind it. Among the 
countries that purchase cane upon the basis of its sucrose content are the 
Philippines, Mamitius and Australia, the payment varying from a half to two- 
thirds of the sugar recovered by the factor3^. The difficulties as well as the 
advantages of purchasing cane on a basis of its analysis are outlined in Chapter 
XXXVI, page 388 and a method is given there for arranging a scale of prices 
based on the available sugar in the cane. This method, which was devised by 
Dr. Spencer many years ago, has been successfully used in recent years by some 
Louisiana factory owners, the arrangement being that a base price is paid for 
cane showing an available sugar percentage between certain limits, while a 
premium is paid for higher percentages and penalties are imposed for lower 
ones. 

Jorge Bird Arias. The Planter Reference Book, July, 1925. 
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EXTRACTION OP THE JUICE 

16. Unloading the Caae.~"The cane should be delivered to the mills as 
promptly as possible after cutting. The loss of sugar every year due to the 
exposure of the cut cane to the sun in the fields and in cars is unquestionably 
very large, although (Moult to estimate with any degree of accuracy. 

The cane is unloaded from the cars and carts by mechanical devices in the 
well-equipped modern factory. Many forms of such devices are in use, espe- 
cially in Cuban factories. It is probable that mechanical devices were &st 
used for handling cane in the sorghum-sugar industry. 

Where the climate is cool and the cane deteriorates but little in storage, as 
in Louisiana, derricks are often used. These are usually arranged to lift the 
cane from the cars or carts and deposit it upon endless conveyors, termed car- 
riers or elevators according to their form, or in large piles for the night work, 
or to prevent interruption in the cart or railway service. In the latter case, the 
same derricks are again used in picking up the cane and in placing it upon the 
carrier. 

Raking devices are used in many Louisiana factories and to some extent 
in Java for pulling the cane from the cars or a platform onto the carrier. 

Hoists and dumping devices are very generally employed in Cuba in unload- 
ing cars and carts. The hoists usually Imve a capacity to lift a half or a third 
of a car-load of cane at a time and drop it into the hopper from which it is car- 
ried to the mills by elevators. Chains or cables are passed under the load, in 
using a hoist, and are attached to a yoke, provided with a tripping device. 
The breakage of bundles often occasions loss of time in this methocl. How- 
ever, the use of hoists greatly simplifies the arrangement of the railway tracks 
in factories using three nailling plants. 

Dumping devices are in great favor in Cuba. They discharge the cane 
quickly and with a minimum of labor. Further, there is little loss of cane in 
transit. There are two general t 3 q>es of dumping devices. In the one, the 
car is run upon a platform, which is then tilted and the load is discharged 
endwise through a swinging door into the hopper of an elevator. In the 
second type the platform is tilted sidewise. The stakes or sides of the car are 
hinged at the top and fastened at the bottom with latches, which are released 
when dumping ^e load. Hydraulic-power is usually employed in tilting the 
platform. The platform is hinged at such points that the weight of the load 
itsdf causes it to tilt when the water is released from the hydraulic cylinders. 
With this arrangement very little water pressure is required ’to return the plat- 
form and car to a level position. 
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After being unloaded the cane is carried from the hoppers to the mills by 
heavy endless chain elevators, or slat conveyors, which are fitted at intervals 
with arms which drag the cane with them. 


Milling Pbocnssbs 

16. IMGUling Machinery. — Multiple mills are used exclusively in crushing 
the cane and in expressing its juice. These usually consist of a crusher or 
shredder, or a combination of these, and from three to seven sets of 3-rolIer 
mills. Electric drives for mills are now in quite general use, a separate motor 
for each 3-roller miU and crusher being the rule. The electrification of milling 
machinery has resulted in great fuel economy and in many cases, an excess of 



Fig. 3. — Fifteen-Roller Mill and Double Crusher. 


bagasse (Sec. 32). A modern mill installation consisting of a Fulton 
double crusher and fifteen-roll mill, all electrically driven, is shown in Fig. 3. 
A heavy duty “ tandem ” of mills such as this, with driving machinery, bed 
plates, carriers and other accessories makes one of the largest and heaviest 
machmery combinations in use in any industry. Three such tandems of nulls 
are not uncommon in the larger factories. 

17. Preparation of the Cane for Milling. — The milling process may be 
separated into two steps: (1) the preparation of the cane by breaking down the 
hard structure and rupturing the cells and (2) the actual grinding of the cane. 
The preparation of the cane is accomplished in several difierent ways: 

(1) By revolving cane knives which cut the cane into chips; but extract no 

juice. 

(2) By shredders which tear the cane into shreds; but extract no juice. 
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(3) By crushers tl^rt breaJk and crush the structure of the caiie; extracting 

a large proportion of the juice. 

(4) By combinations of any or all of the above means. 

18. Revolving Cane Knives. — ^These are the most recent addition to cane- 
preparing machinery, but as they are always located ahead of any other 
apparatus in a grinding system they will be described first. Revolving knives 
are in use in the majority of Hawaiian houses and are rapidly gaining favor in 
Cuba and Porto Rico. 

The earliest cane knives were comparatively slow moving single sets with 
blades set about 6 inches apart placed at the base of the carrier with a view to 
leveliDg the cane mat. To these were added later a second set higher up on 
the carrier revolving at a speed of 450 to 500 r.p.m. with knives spaced 2 inches 

apart. In some countries 
multiple sets of knives 
are still used but in 
Cuba the practice is 
toward a single set re- 
volving at the speed 
mentioned above and 
placed near the middle 
or toward the head of the 
carrier. The knives are 
generally so placed that 
they reach to within 4 to 
8 inches of the carrier 
Pig. 4.— Ramsay Cane Knives. idats. 

Many different forms 

of knife blades have been patented, modification being with the idea of 
facilitating replacement, sharpening and to reduce breakage of blades. 
In general, the knives are placed spirally on a shaft which is driven by a 
separate motor, steam-turbine, or high speed engine. The Ramsay 
swinging knives shown in Fig. 4 are bolted on the shaft in such a way 
that they are free to swing laterally, so that they may turn aside in case a hard 
object is encountered in the cane. The hinged arrangement also avoids vibra- 
tion of the blades and consequent fatigue ” of the metal. A recent reversible 
type of blade has the front and back edge identical, so that while the front edge 
is cutting the back edge is being sharpened by the action of the cane sliding 
past it. The blades are reversed each week, and the self-sharpening action is 
thus continuous. 

The power required to drive the knives is much greater when the blades are 
duIL For average blade conditions a power coxusumption of about 1 horse- 
power per ton of cane per hour is reported.^ According to Semple * the total 
power to drive knives and mills is no greater per ton of cane than for mills 
alone without knives. 

1 Proceedings 2d Conference. Iht. Soo. Sugar Cane Technologists, Havana, 
1927, pages 162-163. 

* The Planter, Vol. 80 (1928), No. 23. 
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The revolving knives cut the cane into small chips and therefore cannot be 
used with ordinary wooden slat cane-carriers. Overlapping sted slat con- 
veyors must be used to avoid the loss of chips, so that the installation of 
knives in existing mills is made more costly because of this need of carrier 
replacement. 

Knife sets are not used as the sole means of preparing cane for mills but are 
generally supplementary to crushers or shredders. They are particularly 
effective in supplying an even feed to the crusher or shredder and mills. They 
also give increased capacity to the mill train, the reported increases var3ring 
from 12 per cent to 20 per cent. More effective use of maceration water and 
increased sucrose extraction are further advantages that users of knives agree 
upon. 

19. Shredders. — ^The first successful machine for preparing cane for milling 
was the National cane-shredder, Fig. 5, invented by Samuel Fiske and first 



Fig. 5. — National Cane Shredder. 


used in Louisiana. This machine consists essentially of two shafts carrying 
conical cutting disks which dovetail or mesh into one another. These shafts 
are rapidly revolved in opposite directions and at different rates of speed. 
The cane is torn into shreds by the disks. The little juice that is separated 
in the shredding process is immediately reabsorbed. 

The National type, although very effective in the disintegration of the cane 
for nulling, has been larg^ly discontinued except in Australia because of operat- 
ing difiiculties and the frequent breakdowns due to “ tramp ” iron in the cane. 

The Searby shredder in rather general use in Hawaii consists of a set of 
rapidly revolving swing hammers (1200 r.p.m.) which pass between anvil bars 
on which the cane is beaten and disintegrated into a fluffy mass. The Searby 
is generally used in conjunction with a crusher, the cane going from the 
crusher to the shreddy and thence to the first mill. Tramp iron does not 
i^ect the Searby’s operation. This shredder has never come into use in Cuba 
am the finffy condition of the cane after shredding is not considered suitable 
for the heavy feeds run through Cuban mills. Most of the high sucrose 
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63Ctractiozis reported from Hawaii (98 per cent and above) are with mills having 
cane-knives, crusher and Searby shredder in conjunction with 12-roller miUs. 

The Masiwdl shredder is a single cast-iron roll having short hard steel 
knife blades or teeth held in dovetails in the roll, which operates in conjunction 
with a crusher or first miU. The toothed roller revolves at a speed of 300 to 400 
r.p.m. and the cane is combed into shreds as it issues from the crusher or mill. 

The Morgan shredder, which is stiU in the experimental stage, is described 
by Semple ® as follows; 

The cane is first cut in short lengths of 6 inches. As canes in Porto Rico 
are bundled in the railway cars, all Ijdng the same way, this is readily done by 
feeding the canes against a series of circular saws, running at 600 r.p.m., 
spaced 6 inches apart. The sawn cane falls on a belt conveyor, which travels 
at a high speed, and delivers the cane in a steady stream to the shredder. The 
shredder is very like an ordinary centrifugal pump with a solid steel disk some 
5 feet in diameter in place of a rotor. Hard steel blades, shaped like vanes of 
a centrifugal pump impeller, are let into each side of the disk, and pass, with 
very small clearance, similar blades let into the shredder casing. Around the 
casing is a volute, terminating in a discharge opening about 10 inches in di- 
ameter. The cane from the belt conveyor is delivered into both sides of the 
shredder by small scrolls attached to the shaft and passing along between the 
revolving and stationary blades is reduced to a fine powder, which is blown at 
high velocity through an ordinary 10-inch pipe to the mill carrier. The saws 
are driven by a 126 hp. motor, and the shredder by two 125 hp. motors, aU 
running at 600 r.p.m. Experimentally this installation dealt with about 60 tons 
of cane per hour with much improved milling results.*^ 

20. CJrushers. — Crushers, in general, consist of two or more deeply grooved 
rollers which crush or break the cane, expressing a large part of the juice 
(from 40 per cent to 70 per cent, depending on type and rates of grinding). 
They are the main dependence for the preparation of cane for milling and with 
few exceptions constitute a part of all modem installations. The revolving 
knives and shredders already described are usually supplementary to crushers. 
The majority of Cuban factories depend upon crushers only in their grinding 
trains but with the increasing emphasis on higher sucrose extraction, together 
with the large capacities always desired in Cuba, revolving cane knives are 
coming into more general use as preliminary preparation for the cane mat 
entering the crusher. 

The Erajewdd crusher was invented by Krajewski in Cuba after the intro- 
duction of the shredder into this island. A crusher roll is shown in Fig. 6. 
The rolls are driven riowly by gearing, the recent tendency being toward faster 
rates of speed than for mill rolls. In the Hawaiian Islands Krajewski rolls 
haVe been grooved with Messchaert grooving (Sec. 22) to permit the free flow 
of jtiice. 

A second type of crusher is the Pulton, which differs in its cutting or crush- 
ing surface quite radically from that of the Krajewski crusher. The cutting 
teeth are V-shaped and are arrax^ed spirally ranging from 1.75 inches to 3 
inches pitch, with the i^iraJs working from opposite ends pf roUs^ a$ ie 
^f/oc. cit. 
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shown in Fig. 7. There are also grooves separating the teeth into groups, and 
scrapers are provided to prevent clogging the teeth. 

A further improvement is the double crusher shown in Fig. 8 in which the 
cane passes through two crushers before entering the mills. The pre-crusher 
has much larger teeth, 3 inches or even 4 inches pitch being used with 42-inch 
diameter rolls. A triple crusher is in use in one large factory in Cuba. A 
marked tendency toward increase in peripheral speed of crusher rolls has been 



Fig. 6 . Krajewski Crusher Roll. 


under way so that speeds of 45 or 50 ft. per minute are common as compared 
with 25 to 30 ft. ten or fifteen years ago. 

Three-roller crushers are in use in Hawaii and are favorably reported upon. 
Such a crusher is essentially a three-roller-mill having deep V-shaped annular 
grooving (li-inch to l§-inch pitch). According to McAllep ^ about 76 per cent 
of the juice can be extracted by one 3-rolier crusher preceded by cane knives as 
against 40 per cent to 60 per cent for single crushers and 65 per cent for 
double crusWs, 



21. Mill Trains. — ^Present-day mills always have three rolls, as is shown in 
Fig. 5, The bottom roll, where the cane enters, is termed the “ cane roll,” 
and that opposite the “ bagasse ” or “ discharge-roll.”- The two bottom rolls 
are usually rigidly fibced in position and the top roll is controlled by an hydraulic 
ram and is so arranged that it may rise and fall or ” filoat ” with variations in 
the feed of the cane. Hydraulic pressure is applied to the bagasse-roll by cer- 
tain builders. A ram is shown in cross-section in the top-roll cap in Fig. 10. 
The crushed cane, now called “ bagasse,” is passed from one pair of rolls to the 

*Proo. 2d Conf. Int. Soo. of Sug. Cane Tech. Hayana, 1927. 
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Fig. 8. — Double Crusher. 


iiesd} by & curved plate also shown in cross-section in Fig. 10 variously termed 
a turnplate, knife, dumb-tum©F, trash-turner, etc., according to the country 

in which the mill 
is used. This is sup- 
ported by a heavy 
steel turn-plate- 
bar. 

The mill-rolls 
are supported in 
massive castings 
termed housings or 
mill-cheeks. The 
older types of hous- 
ings are shown in 
Fig. 6 and more re- 
cent models in Figs. 
9 and 10. The 
crown wheels by 
which the bottom 
rolls are driven 
from the top roll 
are shown in Fig. 
6. The driving- 
engine is connected 
through flexible couplings and gearing with the top roll of the mill. 

A recent Fulton housing shown in Fig. 9 dispenses with the king-bolts 
which one may note 
projecting above the 
top-roll caps of other 
types in Figs. 5 and 
10. The latter shows 
a cross-section of a 
Miirlees -Watson 
mill. 

22. Mill Grooves. 

— ^Mill-rolls are cast 
of an iron mixtxire 
that wiU remain 
rough, or acquire a 
grain ” with use, to 
facilitate the feeding 
of the cane and ba- 
gasse. In general, all 
rolls have peripheral 
Vnahaped grooving, 
the size of the grooves having been gr^tly increai^d to'reduce the slipping of 
the roll upon the bagasse. Where formerly the giwvek^ ranged feom fbur to 


Fio. 9,-— Fulton, Heavy Duty,)VjW Houmg. 
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six to the inch modem practice now prescribes a minimnna of §-inch grooves 
on the rolls of the last mills. The first and second mills carry grooves of 1 inch 



Fig, 10. — Cross-Section of Mirrlees-Watson Mill. 


and the top roll is grooved longitudinally in the same way as the Fulton crusher 
roll.. The contained angle of the annular grooves is usually 55®. In some 
very large installations working to high capacities IJ-mch and even 2-inch 
grooves are used on the earlier 
mills of the train. Such 
heavily grooved mills are 
practically the equivalent of 
the 3-roller crusher used in 
Hawaii. 

The Messchaert juice 
grooves shown in Fig. 11 are 
now in general use on feed- 
rolls throughout the world 
except in Java. The grooves 1S^q» 11. — Messchaert Mill Grooves, 
are usually i inch wide, 1} to 

1 J inches deep, the pitch varying from 2 inches to 4 inches, with 3 inches 
the general practice. Special scrapers are used to keep the grooves free 
of bagasse. These grooves were developed in Hawaii about 1912 and have 
been the means of improving sucrose extractions and increasing mill capaoi- 
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ties, since they provide a very free exit for the juice and practicaJly eliminate 
slipping and the consequent mill vibration. An unlimited quantity of satura- 
tion water may be used without slipping or reduction of grinding capacity and 
the mill inlets and outlets may be materially reduced in size, in some instances 
nearly one-half. 

Hawaiian practice, as well as that in some Cuban mills, also provides the dis- 
charge or bagasse roll with Messchaert grooves i inch wide, the moisture con- 
tent of the bagasse being materially reduced by this grooving of the dis- 
charge roll. 

Another Hawaiian invention is the Hind-Renton grooving. This has been 
tried out in a milling plant that obtained an average for the crop of over 97 per 
cent extraction (sucrose extracted per cent sucrose in cane). The pitch is two 
grooves per inch and the groove angle is 30 instead of the usual angle of about 
65°. It is claimed that the juice flows out through the lower part of the 
groove and that the bagasse wedges itself above it as a boot in a “ boot-jack.’’ 

Steel shell rolls were used in Australia with this grooving and worked well 
so far as grinding was concerned, but were unsuccessful because casual iron 
would bend the teeth which would in turn break off the teeth of the trash 
knives.® 

23. Pressure on Polls. — ^The pressure on the top roll is usually regulated 
by means of hydraulic rams (see Fig. 10), except in Java. 

The hydraulic presstire applied on the top roll varies with the length of the 
roll, the strength of the mill and the quantity of cane to be ground in a given 
time. The pressure is also varied with the position of the mill in the series or 
“ tandem.” 

Practice varies as to the loading, but this approximates. 150 to 250 tons 
hydraulic pressure on the crusher and up to 500 tons or above on other mills. 
A Cuban mill consisting of cane knives, single crusher and seven 3-roller mills 
(rolls 7 feet in length) with a record of nearly 260 tons of cane per hour (Cen- 
tral Vertientes) reports pressures as follows; ® crusher 170-250 tons; 1st mill, 
500; 2d mill, 450; 3d mill, 480; 4th and 6th mills, 500; 6th mill, 520, and 7th 
mill, 550 tons. There is much difference of opinion and practice as to whether 
higher pressures should be put on the last mills (as in the instance cited) or 
whether the earlier mills should get the heaviest pressure. 

Many engineers advocate the heaviest possible pressure on the first mill in 
order to rupture and disintegrate the cane as thoroughly as possible to prepare 
it for the maceration water, while others insist that the last mill pressure 
should be highest to insure as low a moisture content in the bagasse as is prac- 
ticable. Still others carry full pressure throughout the whole train. 

The hydraulic regulation of the top roll lias a two-fold purpose, viz., the 
protection of the miUs from serious damage should a piece of metal fall into 
them or in the event of a too heavy feed of cane, and the regulation of the 
opening between the rolls to suit variations in the quantity of cane or bagasse 
passing through them. The hydraulic pressure now*carried is so great that a 

* R. Clayton. Froc. 2d Conf. Int. Soo. Cane Sugar Tech. Havana, 1927. 

® Schambeig. Facts About Sugar. Jan. 14, 1928. 
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piece of metal may sometimes bury itself in the shell without raising the roll 
sufficiently to afford protection. 

The use of very strong castngteei housings or mill-cheeks has enabled manu- 
facturers to dispense with king-bolts, Fig. 9, or to use very short bolts that 
extend only part way through the housing (Honolulu Iron Works). This 
arrangement permits the use of hydraulic rams of large diameter with conse- 
quent increase of life in the packing leathers. 

24. Mill Settings and Speeds. — The mill '' setting ” or the adjustment of 
the openings between the roUs and the relation of the turn-plate to the rolls, 
varies greatly in different factories and with the rate of grinding and the quality 
of the canes and the grooving of the rolls. The setting is also somewhat mod- 
ified when hydraulic-pressure is not used on the top roll, or when it is applied 
to the bagasse-roU. 

It is outside the scope of this chapter to give figures on null settings since 
these vary so widely with differing conditions that figures would be valueless 
without all correlative data. Sharnberg ^ gives full details for the single 
crusher and seven 3-roller mill combination referred to above showing openings 
varying from 2i inches on the crusher (3-inch pitch) to about f inch on the 
discharge roll of the last mill, these openings being measured from the tip of 
one tooth to the base of the corresponding groove. It may be noted that the 
opening between the tum-plate and the top roll is gradtiaJly enlarged from the 
inlet to the outlet end. This enlargement permits the bagasse to expand after 
the first pressure and facilitates the passage of this material and the escape of 
the juice. 

The speed at which a system of mills is driven is usually expressed in feet 
per minute of the periphery of the rolls. Practice varies greatly in different 
countries in regard to the speed of the rolls. This ranges from as low as 12 feet 
or less in Java to as high as over 40 feet per minute. 

The Cuban practice has been toward higher mill speeds with 30 feet per 
minute the general rate in good modern mills. As already stated, crusher 
speeds range above 40 feet per minute, peripheral speed. 

25. Cane and Bagasse Carriers. — ^The cane elevator is generally driven by 
independent engines or motors rather than from the milling machinery. This 
results in greater uniformity in the delivery of the cane to the crusher and thus 
gives a more even feed throughout the whole set of mills. 

Between the different mills are “ intermediate ” carriers, the commonest 
m Cuba being an endless-chain “apron” or wooden-slat conveyor. These 
conveyors tend to foul through the souring of juice on chains, slats, etc., 
besides being a source of mill stops because of breakage. This type has 
been entirely superseded in Hawaii, and to some extent in Cuba, by either the 
Meinecke chute or Ewart drag conveyor. The Meineoke type (Fig. 12) con- 
sists of a covered steel chute rising at an angle of about from the discharge 
roll of the mill and then dropping sharply to the feed opening of the next mill. 
The bagasse is forced up the chute by the succeeding bagasse that is dis- 
charged from the mill and falls into the next mill by gravity. The maceration 

^ Lqc. dL 
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water was formerly applied at the top of the chute but is now put on just as the 
bagasse is emerging from the mill. 

The Ewart cairier is a steel trough which the bagasse is moved by on end- 
less chain drag travelling above the trough. Both the Ewart and Meinecke 
methods make for better mill sanitation and are easier to maintain than the 
older type slat-conveyors. 

26. Extraction of the Juice. — ^Having described the mechanical equipment 
of the miUing-plant, we will now consider the crushing of the cane and the 
extraction of the juice. 

Under the usual conditions, the cane parts with more than 60 per cent of its 
weight of juice in its passage through the crusher and the first mill. In other 
terms, upwards of 70 per cent, more in some cases, of the sucrose in the cane is 
extracted. The woody residue of the cane from the first and subsequent mills 
is termed “ bagasse ” by the Americans and “ megasse ” by the English. As 



Fig. 12. — Meinecke Intermediate Bagasse Chute. 


the bagasse progresses through the mills it is compressed more and more, each 
time parting with some juice, imtil finally under good working conditions it 
leaves the mills containing 60 per cent of woody fiber. 

Few factories conduct their mill work as above without adding water to 
the bagasse after each miU to dilute the remaining juice and thus increase the 
extraction. This use of water is termed saturation, imbibition or maceration. 
These words are usually used synonymously. 

27. Maceration. — ^The maceration process, properly speaking, is one in 
which the bagasse is passed through a bath of thin juice or water before regrind- 
ing, with a view of diluting the remaining juice. This process is little used 
except in Australia and the word ** maceration ” has come to have the same 
meaning as saturation, etc. . 

The saturation may be single, double or obmpound. Single saturation 
rwater only; double satxiration uses water and the thin juice from the last 
^ or mills, while compound maceration uses water and the juices from two 
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or more of the last sets of mills, applying these juices separately to the earlier 
mills of the train. 

The water is sprayed upon the bagasse, in single saturation in a 9^roll plant, 
as it emerges from the second mill. In double saturation, the water is applied 
as above and the thin juice extracted by the last Tnill is pumped back upon the 
bagasse as it emerges from the first mill. Working with four mills, with single 
saturation, the water is applied after the second and third mills. Compound 
saturation may be practised when four or more mills are in the series or 
“ tandem.” This method is illustrated in the diagram. Fig. 16. The thin 
juice extracted by the third mill is pumped back upon the bagasse from the 
first mill and that of the last mill upon the bagasse from the second mill. 
Water is applied to the bagasse from the third mill. The juice from the 
crusher, first and second mills enters into the manufacture. The application 
of the water is modified to 
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-Diagram of Double Saturation. 


meet the needs of other com- 
binations of rolls exceeding 
12 in number. 

Maceration water is some- 
times applied to both the 
upper and lower side of the 
blanket of bagasse. The ap- Fio. 13.- 
pKcation to the upper surface 

of the bagasse does not usually penetrate the lower layers. It is preferable 
in applying the water from above to do so just as the bagasse emerges from 
between the rolls so that it will absorb the water in expanding. In this way it 
acts as a sponge that has been compressed. 

General practice is to apply the water to the bagasse as it issues from the 
two mills next from the last one. A method of double saturation in vogue in 
Cuba is shown in Fig. 13 for a double crusher and 15-roll miU. It will be seen 
that the water is sprayed on the bagasse coming from the third and fourth 
mills; that the juice from the fourth and fifth mills is mixed and sent back to 
the bagasse coming from the first and second mills. Such a system is simpler 
than compound saturation as it requires only one set of pumps, strainers, etc., 
for the thin juice, but it is not so efiicient as compound saturation in which 
the juice from the fourth mill would go to the first mill bagasse and the juice 
from the last mill to the bagasse from the second. Compound maceration is 
general in Hawaii and Java and many Cuban factories also make use of the 


system. 

There is always danger of fermentation in the rehandling of thin juices and 
great care must be taken to prevent souring and fouling of juice channds 
where these methods are used. The mills must be shut down at frequent 
intervals for a thorough cleaning. Few Cuban factories can spare the time to 
wash down mills and tanks thoroughly more often than once a week. 

The percentage of maceration water used varies widely with the country, 
the capacity of the mills, the character of the cane and the relative costs of fuel 
i|,nd sugar. The introducti<m of juice grooves and heavier grooving on C!!^an 
pi^la has permitted the addition of more water with larger capacities; while 
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various fuel economies, notably through electrification, have made the use 
of this increased maceration economical. Twenty-five per cent water is now 
common practice in the larger mills where only lO^or Ifi per cent was used 
formerly. The average for the island is still about 15 per cent. Hawaii and 
Australia range up to 35 and 40 per cent, and Java uses 15 to 20 per cent. 

Australia uses true maceration ” or “ bath ” maceration, the system 
being made practicable by having a space of from 40 to 60 feet between the 
mills. The bagasse is drawn through a V-shaped closed casing by a drag 
conveyor at such a rate that the bagasse is in the macerating liquid in the 
casing (either hot water or hot thin juice) for from ten to t'w:enty minutes. 
Sucrose eactractions of 99 per cent with grinding rates up to 60 tons per hour are 
reported. This practice is very old and has been discarded in all other coun- 
tries because of difficulty in keeping the thin juice from souring. Reports 
from Java are that the system is being tried out again with good results in 
that country. 

Tests by many investigators lead to the conclusion that the mill esdraction 
is practically the same whether the maceration-water be used hot or cold. 
The matter of the quality of the water and some fuel economy usually dictates 
the use of warm water. Alkaline water should not be used in white-sugar man- 
ufacture. The hot water is derived from the surplus of return water, from 
evaporator-coils, etc. (so-called “ sweet water '0 over the requirements of the 
steam-plant, and is therefore very pure distilled water. Those of the heat 
units that pass with the saturation water into the juice are largely economized. 
There is also a slightly increased evaporation of moisture from the bagasse in 
transit to the fires, as compared with that obtained with cold saturation. 

The saturation water never completely penetrates the bagasse. Neither 
the physical condition of the bagasse nor the time element, the duration of 
the contact with the water, permits complete penetration. Manifestly the 
nearer we approach this ideal condition, complete penetration, the better the 
extraction of the sugar. 

Modern ixull practice is toward disintegration of the cane as completely and 
as early as possible with a view to preparing it for the penetration of the macer- 
ation liquids. For this reason the use of cane knives, shredders, multiple 
crushers and combinations of these has increased so rapidly. As stated under 
the section dealing with hydraulic pressures a large proportion of engineers 
use the heaviest possible pressure on the first mill of the tandem in order to 
break up the cane thoroughly for the maceration process. 

If all the juice-cells of the plant are ruptured in the shredding or crushing 
process and the first grinding, it is evident that when the water is applied to the 
bagasse, if the time element be sufficient, it will penetrate it and dilute all of 
the juice it contains. The time element* however, in practice is so short, and 
so many of the cells escape rupture, that only the superficial portions of the 
juice are diluted. 

Dr. Spencer demonstrated by laboratory experiment as follows, that very 
long contact with water is requi^ for the dilution of all the reddual juice in 
the bagasse; A sample' of bagasse from thoroughly crushed oahe was heated 
with water in the proportion of 5 parts of bagasse to 45 parts of water, and the 
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toznperatiire was zaaintained near the boiling-pouit one hour. The water and 
bagasse were then thoroughly mixed and the dilute juice was strained off, 
using moderate pressure. The residual juice was expressed with a laboratory 
cane-mill, using very heavy pressure, and the two samples of juice were sepa- 
rately analyzed. The percentage of sugar in the juice extracted by the mill was 
very perceptibly larger tha4 that in the juice obtained by straining. This 
experiment was repeated several times with like results. These experiments 
show that it is not practicable in milling to dilute all of the juice in the bagasse 
with the saturation-water, and that a factor depending upon the time element 
and the efficiency of the mills must be applied in estimates of the water actu- 
ally utilized. 

The following figures are from records of actual milling: 

Comparison of Mill-Juicfs 


Juice Analyses 


Source of the Samples 

Degree 

Brix 

Per Cent 
Sucrose 

Coefficient 
of Purity 

Crusher 

21.4 

19.5 

91.1 

First naill, front roll 

21.2 

18.8 

88.7 

First mill, back roll 

20.7 

1 18.1 

87.4 

Second mill, front roll 

18.7 

16.8 

84.5 

Second mill, back roll 

19.8 

16.5 

83.3 

Third mill, front roU 

7.5 

6.1 

81.3 

Third mill, back roll 

9.4 

7.5 

79.3 



Water was sprayed upon the bagasse as it emerged from the second mill. 
The upper layers of the bagasse were well saturated, but the lower ones 
re<^eived much less water, as the latter was partly absorbed and compara- 
tively little penetrated to the lower layers. It is evident from the analyses 
that the water did not uniformly dilute the juice in the bagasse. 

Influence of the Structure of the Cane on MiUing . — ^The structure has a 
rnarked influence on the mill results. With very efficient milling certain canes 
yield bagasse containing 50 per cent woody fiber (marc) and 45 per cent of 
moisture; others, when ground with the same mills and mill-setting and 
apparently the same efficiency, give bagasse containing 45 per cent of fiber and 
50 per cent of moisture. These conditions have been observed in Java when 
grinding the varieties Nos. 247 and 100. 

In his study of “ The Influence of the Structure of the Cane on Mill Work 
No^ Deerr says: “ It not infrequently happens that while the fiber remains of 
constant percentage, the extraction varies largely, the milling conditions 
remaining the same. Such variation can be readily understood on the assump- 
9 Bui. 30, Hawaiian Sugar Planter's Bxpt. Sta., 41. 
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forces itself through the screen because of the slight head, this strained juice 
also being discharged into (X). As the drum revolves the strained material 
on the outside of the screen falls into the tank and is caught by the paddles 
(jff) and carried to the discharge lip (P), where suitable scrapers (0) engage 
the paddles and remove the strained material from the system. Arrangements 
are provided for steaming out the strainer while in operation. This fine strain- 
ing of juice has the advantage of removing the bagasse fiber before it has under- 
gone the solvent action of heat and lime, but it also has the disadvantage of 
Tnfl.Trmgr the cachaza or mud-scums haxder to filter-press because of the lack 
of this fiber which acts as a filter-aid. The addition of more lime has been 
suggested but this is known to be detrimental to the character of the press 
juices. An artificial filter-aid, such as kieselguhr, or the return of some of the 
cush-cush ” or bagacillo direct to the mud tank have been advocated as a 
solution of the problem. 



Other mechanical strainers used by some factories after the coarse straining 
are the “ Hummer and “ Mitchell screens of the type xzsed in screening 
refined sugar. These consist of inclined screening surfaces which are either 
mechanically or electrically vibrated to keep the screening surface clear. 
These screens and the Peck strainer require too much headroom to be used for 
direct flow of the juice by gravity from the mills. 

A recent advance in strainer practice involves the use of the strainerless 
juice pump introduced by the Honolulu Iron Works. This pump (Fig. 15) 
was deigned for use with sewage and will handle juice containing bagasse 
without difficulty. A centrifugal pump, of the type used for drainage and 
dredging purposes, is also being tried out in Cuba for the handling of unstrained 
jmces. With the ability to pump unstrained juices the mechanical strainers 
described above can be placed at any convenient point and the raw juice con- 
taining the bagasse fiber pumped to them. At the same time the thin juices 
returned to the mills need not be strained at aJl, a distinct advantage toward 
better mill sanitation and the prevention of fermentation in rehandled juices. 

An installation of strainerless juice pumps is illustrated in Fig. 16. Com- 
poxmd maceration is taken care of by having one end of a pump handle 3rd 
mill juice and the other end 4th mill juice, A Peck strainer is plac^ just above 
the mills to screen all the juice going to process, thialocaticm being chosen to 
permit the easy return of the strained material t<y the bagaase m tibe mills 


BY-PRODUCT OF MILLING 


33 


(in the present instance, to the shredder). The juice for maceration purposes 
is spread on the bagasse by means of a patented distributor. 





^Discharge - 

Fig. 15. — Strainerless Juice Pump. 


In connection with mill sanitation it should be mentioned that all hori- 
zontal bolts, rivets and other projections in and around the juice stream and 
juice troughs are now recognized as sources of fermentation and potential sugar 
losses. A handful of juice-soaked bagasse caught on such a projection will sour 
very quickly under the warm conditions prevailing under tnillfl and wiU be a 


Oariimdi Return 



Fig. 16 . — Installation of Strainerless Juice Pumps and Compound Saturation. 


source of infection to the juice flowing over or past it. Mill designers are 
now seeking to avoid all obstructions to the free flow of the juice. 

30. By-product of Milling. — ^The by-product of milling cane is bagasse or 
megasse (English colonies), the woody fiber of the cane with the residual juice 
and moisture derived from the saturation-water. This material supplies a 
very large part and in many instances all the fuel required by the factory. 
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Many attempts have been made to utilize this material in paper manufac- 
ture, but in general they have not been commercially successful. In Plawaii a 
low grade paper has been made from bagasse for several years which is used as a 
“ mulch to cover the ground between the cane plants to keep down the 
weeds, and more largely in the pineapple plantations for a similar purpose. 

Havik was commissioned by the Government of the Dutch East Indies 
to investigate the fibers of Java and the other islands with a view to paper man- 
ufacture. He obtained 32 per cent of the weight of dry bagasse in dry un- 
bleached paper. The bagasse was from Cheribon cane. The frequently 
stated yield of 52 per cent of paper is disproved by Havik's experiments. 

A successful use of bagasse fiber which has almost superseded its use as a 
fuel in Louisiana is in the manufacture of a building and insulating board sold ■ 
under the trade name of ‘‘ Celotex.^^ The bagasse is baled as it comes from the 
mill and the bales are stored in the open in large piles covered by roofing paper. 
When taken to the manufacturing plant the bales are broken, and the bagasse 
fed through a shredder to a cooker which removes the resins, waxes and ^'^cto- 
cellulose,^^ at the same time rendering the fiber tough and flexible. Fr( the 
cooker and washers it goes through paper-mill beaters and refiners to se rate 
the bundles of fibers. The waterproofing material is added at this poi: and 
the mixture of fiber and water is fed to the machine forming the board, w h is 
formed by the process known in pulp-handling as felting. No adhe e is 
used, the strength of the board being due solely to the inter-weaving a en- 
tangling of the fiber. The wet board as it comes from the machine is fed to a 
continuous hot air dryer 800 feet long, the board emerging dry in sheets : feet 
wide and 950 feet long to be cut by saws into convenient sizes. The m rial 
is made in two thicknesses, inch for building board and inch for box a,te- 
rial. Its manufacture in Australia is also being undertaken. 

Investigations are now under way in several plants in Cuba looking t ard 
special uses for the cellulose of the bagasse. This may be separated m< an- 
ically by sifting or other means and is believed to have particular va i in 
lacquer and artificial silk manufacture. There is no question that w so 
many factories producing an excess of bagasse over fuel requirements, ] ans 
will be found for employing this material in ways which will make it a va ble 
by-product. 

^0 Int. Sugar Jour., 14, 52. 

T. I5. Monroe. La. Planter. July 15. 1922 (Ixix). 



CHAPTER IV 


STEAM PLANT AND FtlEL 

31. Steam Boilers. — ^The boiler capacity required in a canen^ugar factory 
varies with the manufacturing equipment, the quality of the cane, the quantity 
of saturation-water and the grade of sugar produced. More boiler capacity 
is necessary for poor than for rich cane, and for the manufacture of plantation 
white sugar than for raw sugar. If the factory equipment includes multiple 
application of the vapors generated in evaporating the juice, in juice-heating 
and for other purposes, as is customary in the beet industry, its boiler require- 
ments are lessened. It is customary to state the boiler capacity required by a 
factory in nominal or rated boiler horse-power per cane capacity-ton. 

A large Cuban factory, havii^ good equipment, including a quadruple- 
eflfect evaporator, but not using pre-evaporators or utilizing the vapors from 
the first or other pans of the multiple-effect evaporator in juice-heating or 
evaporating sirup, requires from 1.26 to 1.50 nominal boiler horse-power per 
1 capacity-ton, or about 12.5 to 15 square feet boiler heating surface. 

Hawaiian ‘‘standard practice” calls for 450 sq. ft. heating surface per ton 
of cane per hour (equal to 45 rated boiler horse-power to 24 tons per day) or 
1.8 rated b.h.p. per ton capacity per day. Patrick Murray ^ reports boiler 
capacity in South Africa as ranging from 29 to 44.6 sq. ft. heating surface per 
ton per hour which equals from 1.16 to 1.79 b.h.p. per ton capacity per day. 
Good mill-work and the utilization of the vapors of the multiple-effect in juice- 
heating may materially reduce these numbers. The manufacture of white 
sugar with its attendant increase in steam-consumption for evaporating wash- 
waters, etc., may increase the steam requirements 15 per cent or more. 

Both fire-tube and water-tube boilers are used in cane-sugar factories. 
Many Cuban factories select water-tube boilers on account of their greater 
safety. The fire-tube boiler is often considered to have an advantage over the 
other type on account of its large water capacity, which fits it to meet the very 
irregular demands of the factory for steam. 

Recent tendencies in Cuba have been toward water-tube boilers in large 
units ranging from 600 to 1200 hp., the straight-tube types being more popular. 
In Hawaii water-tube and fire-tube boilers are about equally divided. 

32. Fuel— The usual fuel of the cane-sugar factory is bagasse, the residue 
from the milling of the cane itself. Bagasse contains a large percentage of 
moisture which varies with the grinding speed and the efficiency of the milling, 
the average for Cuba and Porto Rico being around 49 per cent. In Hawaii the 

^ South African Sugar Journal. 1924. 
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moisture content is frequently 40 per cent or even lower (average about 44 
per cent) due to the much slower grinding rates and consequent higher eflS- 
cienoy of the milling. Many small mills of the older types in Louisiana turn 
out bagasse ranging above 55 per cent water. Where cane is of moderate cost^ 
labor and fuel very dear and sugar sells for a low price, the factory may bring 
in larger net returns by grinding a large quantity of cane less efi&ciently. 
These conditions obtain more or less in Cuba where emphasis on capacity has 
been stressed at the expense of efficiency. This large grinding produces more 
fuel in proportion to radiating surfaces and by keeping the percentage of 
maceration water to a minimum the use of extra fuel may be appreciably 
reduced, but this is necessarily at the expense of sucrose extraction. 

During the last few years the tendency in Cuba has been toward higher 
extractions through more efficient milling and the use of larger percentages of 
maceration water. At the same time many of the larger plants which are 
electrffied have given such close attention to fuel economies that the problem 
of taking care of an excess of bagasse has presented itself, although 25 per cent 
or more maceration water is beifg used. The majority of factories still resort 
to the use of extra fuel, generally oil or wood, which constitutes an appreciable 
addition to the cost of manufacture. 

The partial drying of the bagasse by the waste heat in chimney gases to 
increase the net fuel value has been advocated by many and is actually prac- 
ticed in a few small plants in some European colonies. It offers many mechan- 
ical difficulties, together with considerable danger of ffre in the driers. It can 
be shown that preheating the air admitted to the furnace for combustion pur- 
poses will effect as great a saving as drying the bagasse ^ with much simpler 
equipment. The Ljungstrom preheater has recently been installed at “ Cen- 
tral Cuba '' in Cuba where it is said to save 15 per cent of fuel. Similar instal- 
lations are in use in Mexico and South Africa, with 20 per cent saving reported 
from the latter country. 

33. Bagasse Furnaces. — ^The first furnace for the burning of green bagasse 
for generating steam was patented by Samuel Fiske, the inventor of the 
cane-shredder. It was first used in Louisiana and then in Cuba at “ Soledad '' 
Cienfuegos. This furnace consists of an oven fitted with horizontal grate-bars 
upon which the bagasse is burned. A single furnace was often connected by 
means of flues with several boilers, though preferably in entirely new installa- 
tions with but two. In the latter case the furnace was under the front end of 
the boilers. Forced-draft was used in the early installations, since the bagasse 
often left the xnills with as high as 60 per cent moisture. Almost simulta- 
neously with Fiske, Frederick Cook introduced his green bagasse-bumer into 
Cuba at Hormiguero,” also after using it in Louisiana. In this type of fur- 
nace the bagasse is burned on a hearth in an oven placed between two water- 
tube boilers. Air is forced into the burning bagasse through tuyeres. Prior 
to the introduction of the Fiske and Cook burners all bagasse was sun-dried in 
Cuba before burning it. The inventions of Fiske and Cook had a profound 
influence upon sugar-manufacture through enabling, and, in fact, forcing the 

^ Report of Sub-Coroznittee* of Natal Sugar Technologists. The Planter, Oc- 
tober 16 , 1926 . 
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factories to operate day and night instead of but fourteen hours, and in sending 
large numbers of people to the fields who were formerly employed in drying and 
firing bagasse. The step-grate furnace is the third and most recent type 
(see Fig. 17). In this type there is usually a furnace in front of each boiler. 
The grates are inclined and resemble a step-ladder, and in fact are often termed 
“ step-ladder ” grates. These grates are very long and narrow. The bagasse 
falls upon the top steps of the ladder and gradually works its way to the small 
flat grate at the bottom. 

Modem installations of all three types of furnaces are very efficient. The 
flat grate and hearth types are generally used in Cuba and Porto Rico, while 
the step grates are favored in those countries where the moisture content of the 
bagasse is lower (Hawaiian Islands, the Philippines and Java). Forced draft, 
which as stated before, was used in the earlier installations was later aban- 
doned until its use was almost entirely discontinued. In the more recent 



HeOoes, WcOsh A Widener. 

Fig. 17. — Step Grate Bagasse Furnace. 

furnace installations, however, forced draft has been generally readopted and 
with its use ratings as high as 200 per cent of the rated boiler horsepower have 
been obtained while constant operation at 175 per cent rating is not at all 
unusual. 

The problem of furnace design for bagasse has been given much study lately 
and it is now recognized that the essential factor in burning such a wet fuel is 
that as high a furnace temperature as possible be maintained. In burning such 
dry fuels as coal or oil the boilers are placed immediately above the fires to 
absorb as much heat ks possible and reduce furnace temperatures in order to 
protect the brick settings, whereas with bagasse the opposite is true. Com- 
bustion must be completed in a separate compartment before the gases strike 
the cool surface of the boiler, otherwise temperature may be lowered to a point 
where losses will occur due to carbon monoxide or unconsumed carbon. Accord- 
ing to Renton ’ the highest temperature attainable with 50 per cent moisture 
and 100 per cent excess air is 1985** F. 

’ The Planter. May 15, 1929, 
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The most recent furnaces have flat tops (so-called flat arches ”) which 
besides having many advantages of construction, distribute the hot gases to the 
boiler more evenly than the circular brick arch formerly used. (See Figs. 
17 and 18.) Another important detail in most recent designs is the mixing 
wall,” above the bridge wall (Fig. 17) which directs the gases at the top of the 
furnace downward to promote mixing and prevent stratification of the gases, 
thereby aiding in securing complete combustion. The use of forced draft also 
aids in mixing the gases and avoiding stratification. The downward slope of 
the roof reflects the heat back on the fuel bed, promoting the drying of the 
incoming bagasse. 

34. Fuel Value of Bagasse. — The fuel value of dry bagasse shows great 
uniformity throughout the world. Numerous calorimeter combustion tests in 
Cuba, Louisiana, Hawaii, Natal and other sugar countries show that bagasse 



Walsh ft WUener. 

Fig. 18 . — Flat Grate Bagasse Fumaoo. 


perfectly free of moisture contains between 8300 and 8400 heat units (B.t.u.). 
Dr. K S. Norris * found a value of 8100 in Hawaii but later investigators 
there corroborate the figures given above (8360). In considering the actual 
fuel value of bagasse as it is burned upon the grates it must be taken into 
account that a certain number of heat units are absorbed in evaporating its 
moisture and heating the resultant vapor to the temperature of the chimney. 
Further, a part of the fuel is consumed in heating the excess air which is drawn 
through the grates, as well as in heating the products of combustion, this heat 
loss being dependent upon the temperature of the flue gases passing up the 
stack. 

Below is given a table showing the actual number of B.t.u.’s per pound of 
bagasse, with varying moisture content and diflerent percentages of excess air. 

Heat value per pound of dry bagasse, 8360 H.t.u. 

Baga^ assumed to have the following ooi^position: 

4 Bul 40 Hawaiian Sugar Flanter’s Ixp. 
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Hbat Value per Pound op Bagasse Burned 


(Stack Temperature, 500® F.) 


Per Cent 
Moisture 
in Bagasse 

Theoretical 
Amount 
of Air 

Per Cent Excess Air 

50 

100 

150 

200 

40 

3747 

3572 

3400 


3054 

41 

3664 

3494 



2985 

42 

3579 

3412 



2902 

43 

3494 

3329 

3167 

3004 

2840 

44 

3400 

3249 

3089 

2928 

2769 

45 

3326 ' 

3169 

3012 

2854 

2697 

46 

3241 

3087 

2933 

2778 

2624 

47 

3160 

3007 

2856 

2704 

2553 

48 

3077 

2928 

2779 

2631 

2482 

49 

2993 

2851 

2700 

2557 

2409 

50 

2910 

2767 

2624 

2481 

2338 

51 

2829 

2689 I 

2548 

2416 

2275 

52 

2744 

2607 ' 

2469 

2332 

2194 

53 

2664 

2528 1 

2393 

2259 

2124 

54 

2582 

2450 1 

2319 

2188 

2057 


These figures represent the actual number of B.t.u/s available at the 
burners when conditions 
as regard excess air, 
stack temperature and 
moisture are as indi- 
cated. 

The amount of excess 
air actually being used 
may be arrived at by 
determining the CO 2 in 
the flue gases (Chap. 

XXXVIII) and using 
the curve given in Fig. 

136 showing the rela- 
tionship between CO 2 
by volume and percent- 
age of excess air. One 
hundred per cent excess 
air is generally taken as good average practice. 

The effect of variations in stack temperatures on fuel losses is shown in the 
chart (Fig. 19) for a bagasse of 49 per cent. It will be noted that approxi- 
mately 6 per cent more bagasse will be burned with a stack temperature of 600® 



Fig. 19. — Heat Lost in Stack Gases. 














40 steam plant .and fuel 

F. than with on^ 460®, using 100 per cent excess air, all other conditions being 
equal. 

For comparative purposes, one ton of bagasse under average Cuban condi* 
tions (49 per cent moisture, 100 per cent excess air) closely approximates the 
fuel value of one barrel (335 lbs.) of crude oil and of one-quarter of a ton of 
coal, using the same firing conditions. 

36. Molasses as Fuel. — According to Norris (Zoc. cit) Hawaiian final 
molasses has a somewhat higher thermal value than green bagasse. It will 
be seen from these comparisons that molasses as a fuel is only economical 
where molasses prices are very low or other fuels abnormally high. When 
molasses is burned it is best applied by atomizing it with steam as in burning 
oil. In Java the molasses is fsprayed over the bagasse as it leaves the last mill, 
thick molasses being heated to facilitate spraying. According to Van 
Harreveld ® the molasses must be thoroughly absorbed by the bagasse to avoid 
excessive trouble with slag. 

® Proc. Second Conf, Int. Soc. Sugar Cane Technologists. Havana, 1927. 



CHAPTEE V 


AN OUTLINE OF THE CUSTOMARY METHOD OP MANUFACTURING 
RAW CANE-SUGAR 

Introductory.— The purpose of this outline is to minimize the repetitions in 
future descriptions and especially to define many of the technical terms, at the 
same time illustrating them with examples. Terms used elsewhere than in the 
United States are included in parenthesis. The processes are described in full 
in a subsequent part of the book. 

36. Outline of the Manufacture .— of the The defeca- 

tion or clarification of the juice is accomplished by means of lime and heat. 
The acidity of the juice is neutralized bymilk of lime and its temperature is then 
raised to the boiling-point. Practically all factories using the defecation proc- 
ess settle the juice in special tames after heating, and decant the clear liquid or 
- “ clarified juice ” from the “ mud,” scum ” or “ slops ” (Cuba = cachaza). 
The mud is filter-pressed and the filtrate or “ press-juice ” is mixed with the 
clarified juice. The precipitates retained in the press, “ filter-press cake,” 
are discarded or used in fertilizing the fields. 

EvaporaHon.’^The clarified juice is evaporated in multiple-effect vacuum 
apparatus to a “ sirup ” (Cuba = meladura; ^ beet industry » thick juice), 
containing approximately 45 per cent of water. 

CrystaUizalion. — ^The crystallization is accomplished in single-effect 
vacuum-pans under reduced pressure. The sirup is evaporated until saturated 
with sugar. At this point crystals or ” grains ” separate in the boiling mass. 
The pan is “ charged ” with sirup from time to time, as the water evaporates, 
and the sugar it contains is largely deposited upon the grain present without 
the formation of additional crystals. 

The growth of the crystals is so related that they are of suflBcient size 
when the pan has been filled at which point the mixture of crystals and sirup is 
concentrated to a dense mass, massecuite,” (beet industry *= fill-mass) and 
the “ strike ” is then discharged from the pan. This latter is often termed a 
“ strike ” pan. 

Centnfugding] Purging; RehoiUng Motoas.— The massecuite is conveyed 
into a mixer and from this is drawn into centrifugal-machines, ** centrifugals.” 
These machines have cylindrical perforated metal '' baskets,” lined with wire- 
cloth and perforated bronze-sheets and are spun at high velocity. The sugar- 
crystals are retained by the lining and may be washed upon it with water if 
desired. The mother liquor, molasses,” passes through the lining by reason 
of the centrifugal force exerted. The machine is stopped after the removal 

1 Pronounce “May-lah-dew-rah.” 
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of the molasses and the sugar is cut down/' leaving the centrifugal ready for 
another charge of massecuite. 

The molasses is returned to the vacuum pan for reboiling with a portion 
of high-grade sirup to obtain a second crop of crystals and this second masse- 
cuite ” is centrifugated as before, yielding a sugar which is about the same 
quality as that from the first massecuite but a second molasses ” of much 
lower purity. When successive re-boilings have reduced the molasses to such a 
low purity that it will no longer yield any more sugar by crystallization, it is 
sold as “final molasses" or “black strap." The modern factory produces 
only one grade of raw sugar and final molasses. The development of the pro- 
duction of high-grade sugar from all massecuites of whatever purity has greatly 
complicated the pan-boiling systems. 

37. Factory Design and Construction . — A large Cuban factory constructed 
in 1912 is shown in the frontispiece. The capacity has been greatly increased 
since it was built by adding an additional mill house (at the rear in this view) 
and extending the boiling house, the largest building in the group. This fac- 
tory has three trains of mills and is the only plant in the world ever to produce 
a million bags (325 lbs. each) of raw sugar in one season. The buildings are of 
steel and the machinery is .largely electrified. 



CHAPTER VI 


PURIFICATION OF THE JUICE 

38. General Considerations.— The juice leaving the mills is mechanically 
strained as described on page 30 after which it is customary in most modem 
factories to weigh all the juice in tank scales (Sec. 372). The purification, 
which is termed “ clarification,” or “ defecation,” (though originally there was 
a distinction in the two terms), starts after the weighing station is passed. 

The object of the clarification is to remove from the juice the maximum 
quantity of impurities at the earliest possible stage in the process. In raw 
sugar manufacture Ume and heat are the agents almost exclusively used for this 
purpose. The manufacture of “direct consumption ” sugars (t.e., white 
sugar, “ plantation granulated,” “ yellow clarified ” or any other sugar in- 
tended for consumption without refining) involves the use of other chemicals 
in conjunction with lime. These processes will be considered later. 

In the clarification by heat and lime the quantity of lime added, the method 
of adding it and the temperature to which the juice is heated all vary widely 
with differing conditions and in different localities, but in general sufficient 
lime is added to neutralize the organic acids present in the juice after which the 
temperature is raised to 200^ F. or above. This lime and heat treatment 
forms a heavy precipitate of complex composition, part of which is lighter and 
part heavier than the juice, which contains insoluble lime salts, coagulated 
albumin and varying proportions of the fat, wax and the gums. The precipi- 
tate is flocculent and carries with it most of the finely suspended material of 
the juice which has escaped mechanical screening. The separation of this 
precipitate from the surrounding juice is almost universally accomplished by 
subsidence and decantation, the different forms of defecators and clarifiers 
to be described later being designed to carry out this separation as completely 
and rapidly as possible. 

There has been increasing recognition in recent years that the degree of 
clarification has great bearing on the subsequent stations of the factory, affect- 
ing the pan boiling, the centrifugaling, the quality of the products, and most 
important of all, the yield of raw sugar. The filtration speed in the refinery 
is also affected to a marked degree by raw sugar qualities traceable to the clar- 
ification. (See p. 143.) 

39. Methods of Adding the Lime.— The Ume is generally added in the form 
of a milk to the cold juice just after it leaves the weighing tanks and before it 
enters the heaters. In all factories of any size lime-circulating systems are in 
use; the lime being made up to the desired density in a tank as a suspension 
in water and then circulated to the various points in the plant where lime is 
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used, the excess returning to the supply tank. Some experiments were made 
in Hawaii about 1921 on adding the lime at the mills with a view to preventing 
inversion in and around the mills, juice strainers, etc., but results were not con- 
sidered favorable. This practice is objectionable from a chemical standpoint 
as well as for other reasons because of the solvent action of lime on some of the 
constituents of bagasse fiber. 

There are many who advocate adding the lime to the juice after it has been 
heated, generally to a temperature well above the boiling point. Geerligs ^ 
advises liming after heating in cases where the gum-forming leuconostoc 
mesenterioides is troublesome, as this organism cannot develop in acid juice. 
Maurice Bird ® published results showing that “crude gums ” were much lower 
in juices heated to 238° F. and then limed than in those heated to 212° F. after 
liming . The Gilchrist process (Sec. 49) employs a sucrate of lime added after 
the juice has been heated to 235° F. Agreement seems to be general that the 
gummy materials (reversible colloids, p. 49) are fiocculated by heat in an acid 
medium, while they pass through the ordinary alkaline defecation with cold 
liming. Some observers claim that raw juice can safely be heated to high 
temperatures for a short time without fear of inversion, but the point does not 
appear to be well established. An authoritative study of liming after heating 
and liming before heating seems to be needed. 

The addition of the lime may be either intermittent or continuous. In the 
older systems using open tank defecators without heaters the lime is added 
directly to each defecator as it is filling with juice. Where closed heaters are 
used, as in all modem systems, the juice is generally limed in the cold in a series 
of large tanks. At least three conical-bottomed tanks should be used, that 
each may be thoroughly cleaned after each filling. The lime precipitates are 
kept in suspension by rotating paddles or by a current of air forced through a 
perforated pipe. The latter is the preferable method, as the pipes interfere 
but little in cleaning the tanks. This system of adding the lime has the 
advantage of simplicity and permits of exact regulation of each tankful to 
any desired reaction, since there is \isually time for such regulation after the 
tank has been filled. 

A prompt and intimate mixture of the lime and the juice is highly desirable 
in order to avoid local over-liming. To effect this. Meeker of CentralTinguaro, 
Cuba, devised a simple arrangement by which the outlet valve of the lime 
measuring tank is actuated by the stream of juice flowing into the large liming 
tank, so that the lime is added in a small stream and intimately mixed with the 
juice as the latter enters the liming tank rather than adding it in one large dose 
as is frequently done in inteimittent liming. 

Continuous liming systems add the milk of lime to the juice stream in a 
constant stream, generally as the juice enters the heater pump. Continuous 
liming devices of special t3rpe have been identified with various patented 
defecating systems, but obviously any method of adding the lime may be used 
with any system of clarification. The Fleener continuous liming device has 

^ '^Cane Sugar Manufacture,” p. 144^ 2nd Ed., London; 1924. 

^Facts About Sugaor. 29 : ^lacniMana Pla^^ 72 (1924^,13, 
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been favorably reported upon in Hawaii.^ It consists essentially of a weir- 
box in the usual lime circi^ting system which delivers the rr^ilk of lime to a 
distributing pan beneath the weir. The distributing pan is divided into two 
parts by a plate, one part delivering the millr of lime to the juice in the cen- 
trifugal heater pump, while the other part returns the excess lime to the circu- 
lating system. By moving the weir-box longitudinally above the distributing 
pan more or less milk of Hme falls in the part of the pan delivering to the juice. 
As is usual in continuous liming systems, a small pipe returns a stream of the 
limed juice to the liming device so that the operator may test the reaction. 

An automatic electric method of adding the lime is being experimented 
with which will be described in the next section. 

> 40. Regulating the Quantity of Lime. — ^The addition of the correct amount 
of lime is essential to good clarification. Too little lime will give poor settling, 
and a resultant cloudy juice, as well as possible losses by inversion, whereas 
too much lime will cause darkening of the juices, increase in the gummy sub- 
stances (see p. 49), increased ash due to dissolved lime salts, and high molasses 
output. 

The earliest method of determining the correct quantity of lime was by 
judging the appearance of the juice and the suspended matter in a test tube 
after liming and heating. The particles of suspended matter shoxild move 
rapidly toward the surface at the sides of the tube and descend promptly at 
the center forming a compact cone. This method is still used by many 
defecator men, and all other methods are, in a sense, supplementary to this 
since the ultimate test of the correctness of liming is the rapidity and sharpness 
of the separation of the precipitate, together with the brilliancy of the clarified 
juice, commensurate with avoidance of excess lime salts in solution. 

The use of sensitive litmus papers, turmeric paper, and titrations with 
calcium sucrate solutions, until the recent adoption of hydrogen-ion concen- 
tration methods, were generally depended on, reactions being expressed as 
cubic centimeters of N/10 NaOH required to bring 10 cc. of the juice to neu- 
trality to phenolphthalein. The use of litmus requires daylight, or arti- 
ficial daylight ” from any of the several lamps giving light of this character. 
A juice limed to neutrality to litmus Tisually settles slowly. In raw sugar 
manufacture an alkaline clarification is generally practiced, though the 
accepted alkalinity varies from faint alkalinity to litmus, to neutrality to 
phenolphthalein as determined on the cold limed juice. In titration with 
standard alkali these would represent an acidity to phenolphthalein of from 
0.0 to 0.60 cc. N/10 NaOH to neutralize 10 cc. of limed juice, while the corre- 
sponding pH values would be from about 7.6 to 8.5 on the cold limed juice. 
It is to be understood that there can be no definite relationship between re- 
action by titration and by pH. The pH gives the effective acidity and the 
titration the total acidity, and two juices of the same pH may differ quite 
widely in titrated acidity. 

The introduction of hydrogen-ion concentration or pH control (see Chap. 
XXII) into raw sugar work has marked a distinct advance in the exactness of 
clarification practice. Any of the colorimetric methods are so simple as to 

» H. a. Hall The Planter, October 9, 192Q, 
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permit of their use by ordinary skilled labor after the desired pH number has 
been decided upon and prescribed by the laboratory. It is of interest that the 
pH of the juice in all ripe normal canes is close to a fixed figure; about 5.10 
(see page 14). 

Paine and Balch ^ of the U. S. Carbohydrate Laboratory made a study in 
Porto Rico of the relationship between pH and defecation and found that for 
maximum clarification it was necessary to lime to between 8.0 and 9.0 pH on 
cold juice. They obtained fairly good clarification, at times, between 7.6 and 
8.0 pH but never below 7.6 pH. They found that a drop of 0.2 to 0.3 pH 
occurs on heating juice to the boiling point, so this must be allowed for if tests 
are made after the limed juice has passed through the heater. These investi- 
gators showed that there is a steady fail in the pH of juice kept at the boiling 
point for six hours; juice that was originally limed to 8.0 pH dropping to 7.0 
in three hours. * Inversion takes place to an appreciable degree at high 
temperatures at 6.8 pH, according to the findings of Walton, Hornberger and 
McCalip,® so it is advisable that the juice be limed to such a point that it will 
reach the sirup stage at not less than 6.8 pH. 

In Hawaii the Experiment Station advises liming to 8.0-8.3 pH (tested 
after juice has passed through heater) which closely approximates neutrality 
to phenolphthalein. McAllep^ reports that this cannot always be maintained 
because of the lack of press capacity and inability to take care of the increased 
quantity of settlings due to the high liming. 

A study of the use of pH in Java clarification practice by Honig and 
Khaiaovsky® brought out that it should be recommended that defecation in 
general should be so carried out that the clear juice has a pH of 7.0 to 7.6.” 
They conclude, however, that it is not possible to state any definite pH for 
all juices, the criterion being that point at which as little mud and as much 
clear juice as possible is obtained. They showed that the extent of the drop 
in pH which occurs on heating the juice is a function of the amoxmt of p206 
present; juices of high phosphate content showing a much more marked 
difference in pH before and after heating than those deficient in phosphate. 

All the recent investigators on the relationship of pH and defecation seem 
to agree that liming the cold juice between 8.0 and 8.5 pH marks the optimum 
results for the following considerations: brilliancy of juice, volume of settlings, 
increase in purity between raw and defecated juice, freedom from destruction 
of glucose on the one hand and avoidance of subsequent inversion in the process 
on the other. 

*The Planter. Feb. 12, Feb. 19, 1927 (LXXVIII). 

® Much confusion has arisen in reporting clarification results and methods with 
pH numbers due to the failure to state definitely just where the pH is taken. 
As an example— a limed juice which shows 8.3 pH when cold would be about 8.0 
after passing through the heater and 7.5 or even lower as defecated juice, depending 
on how much time it took to pass through the defecating system. For this reason 
such expressions as -‘liming to 7.6 pH” are meaningless unless the point at which 
the pH determination is made is stated. 

®Ihd. Eng, Chem. 17,61. 1926. 

’ Proo. 2nd Conf. Int. Soo, Oane Tech. Havana, 1927. 

« Int. ilour. Vol, 39 (1926). p. 264. 
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A most important point on which there is divergence of opinion is in the 
quantity of dissolved lime salts in the defecated juice in relation to the pH. 
Bond ® says, ** The remarkable fact shown is tlmt, though lime is actually 
added to the juice, its CaO content may actually decrease up to a reaction of 
about pH 8 in the cold. Above this point the CaO content increases rapidly. 
Thus it is entirely possible to clarify juices with lime and obtain a clear juice 
of lower CaO content than originally present.” Against this King®® found 
that ** at no reaction above 7.6 was there less CaO than that originally present.” 
The work of Paine, Keane and McCalip showed that increase in the quantity 
of lime (and consequently the pH) increases the lime-salts content of the clar^ 
ified juice, and they warn against the detrimental action (long known to prac- 
tical sugar men) of these excess lime salts. 

It seems certain, that in attempting to gain certain advantage due to liming 
to higher alkalinities (rapidity of settling, clarity of juice, elimination of irre- 
versible colloids, etc.) greater disadvantages may be encountered through the 
excess soluble lime-salts and the resolution of reversible colloids, or gummy 
substances. A careful balancing of these and other considerations will 
influence the pH to which the individual factory finds it advisable to lime. 
Defecator and press capacity must be considered; the character of the juice 
is also a determining factor and in the case of juice from burned or deteriorated 
canes it is advisable to neutralize excess acidity mth soda ash before adding the 
lime. 

Electric Recording and Control of lAming .^^^ — ” Autonoatic control of the 
liming of cane juice in the manufacture of raw sugar, operating on electro- 
metric principles, was tested in a Porto Rican central over a period of several 
months. 

“ The equipment consists of (1) a recording potentiometer fitted with a con- 
troller time switch, through relays, which causes the motor of the liming device 
to operate in the required direction at definite intervals; (2) tungsten and 
calomel electrodes fitted in a continuous flow juice chamber; (3) a temperature 
compensator which automatically corrected for the change in pH due to 
temperature variations; and (4) a tilting weir box (or other device for regulating 
the flow of lime) for the liming device. 

“The electrode chamber is shown in Fig. 20. It should beof glass, as this 
is easier to keep clean from mold growth, sedimentation, fermentation, etc., 
and the inspection is made easier and more positive. It will be noticed in the 
sketch that two electrodes are used in parallel, this being for the purpose of 
insuring a positive control that might be unreliable in case only one electrode 
were used, and the tungsten filament should break. The electrodes need not 
be changed more frequently than once every forty-eight hours. 

“The controlling mechanism is essentially an intermittent time switch 
operated by a rotating cam which was actuated through a system of gears 

» The Planter, 74 (1926), 21. 

»®The Planter. 79 (1927), 16. 

1® Ind. Eng. Chem. 20 (1928), 3. 

Paine, Keane and MoCalip, loc, cit 

ixa Baloh and Paine. Ind. & Eng. Chem., Vol. 20 (1928), No. 4. 
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from the recorder motor. During the control period the time switch caused 
one of the two relays to close and this in turn closed the circuit to the motor 
operating the liTning device. The direction and the amount the adjustment of 
the liryiing device was changed depended upon the balance of the potentiom- 
eter at the moment the control switch made contact; that is to say, whether 
at that particular moment, the juice required more or less lime, as indicated 
on the chart by the deviation of the tracing from the position of the control 
point setting. 

“The cam and the time switch were so constructed that they permitted 
the recording of the pH of the juice during two-thirds of the period and the 
control of the pH only during the remainder of the time. By changing the 

gear ratio the control could be made to 
operate at every three-, six-, or nine-minute 
interval. Under the conditions of the inves- 
tigation the three- and six-minute intervals 
gave the best results in automatically con- 
trolling the addition of the lime to the juice.” 

41. Temperatures. — The temperature to 
which juices are heated in clarification varies 
widely, 194® F. (90® C.) and 238® F. (115® 
C.) being the outside limits. General prac- 
tice is to heat to the boiling point or slightly 
above. Superheating (that is, heating well 
above the boiling point) gives more rapid 
settling and a compact mud but Balch and 
Paine “ found that the clarified juice was 
darker and more turbid when heated to 
110° C. than the same juice heated to 100®. 
Geerligs finds no difference in the juices 
due to the higher degree of heating, while 
Fig. 20.— Electrode Chamber others claim distinct advantages.” These 
for Automatic Liming. diverse opinions may be due to differences 
in the various juices tested, and possibly 
to the fact that this factor of clarification has not had the thorough study to 
which other phases have been subjected. 

42. Nature of the Precipitate. — ^There has been an accumulation of evidence 
that the phosphate content of the raw juice is the major factor in efficient 
clarification. Walker ” placed the minimum requirement at .02 gram P4O5 
per ml. of juice while McAUep and Bomonti ” found that .030 to .035 gram was 
the lowest limit for good clarification. Bond in a study of the nature of 
defecation also showed that phosphates are the determining factor. R. H. 

”Ind. Eng. Chem. 20 (1928), 266. 

w*‘Cane Sugar and Its Manufacture.” 2nd Ed., London, 1924. 

”Bird. The Planter, 61 (1922). Facts About Sugar. 28 (1928), 6* 

”Ind. Eng. Chem. Vol. IS (1923), p. 164. 

” Hawaiian Sugar Planters’ l^oorcL 26 (1922), 139. 
i^ThePUmtw. Vol, 74 (1926^, No. 2L , 
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King 1® agrees that they are the major influence but states that the ferric, 
aluminum and silicate ions present in the juice are precipitated when lime is 
added, forming a very gelatinous precipitate which occludes considerable 
organic matter. Paine, Keane and McCalip,i® working on Porto Rican juices, 
corroborated the importance of the phosphate content, and showed that it was 
immaterial whether the phosphate was naturally present or added. The 
elimination of colloids was found to be a direct function of the percentage of 
PaOs present when the lime is added to a given pH. 

An interesting possibility for the increase of the phosphate content of the 
juice was shown by Walker by adding phosphate combinations to the soil. 
These experiments were substantiated to some extent by the Experiment 
Station of Porto Rico. If these experiments are borne out by subsequent 
work it will mean that a double value can be obtained through the use of phos- 
phate if added to the soil, first by the promotion of growth and yield in the cane 
and secondly by improving the clarification qualities of juice from the cane. 

No€l Deerr^^ showed that 75 per cent of the total non-sugars eliminated in 
the heat and lime treatment can be removed by filtration through asbestos 
(mostly bagacillo). Twenty per cent of the precipitate, according to Paine 
and Balch,®® is ash which Bond has shown to consist principally of CaO and 
P 2 O 6 with appreciable quantities of magnesium, aluminum, and iron. By cal- 
culation, therefore, organic matter, other than that originally present in the 
juice in suspension, is only 5 per cent of the total non-sugars elixninated; 
which must consist of insoluble salts of organic acids and colloids adsorbed by 
the fiocculent phosphate precipitate. 

Summed up, all these investigations indicate that defecation is essentially 
an inorganic reaction or combination of reactions in which the fiocculent pre- 
cipitate of calcium phosphate and other insoluble salts carries down with it the 
coarse suspended matter, occluding the finer suspensions and adsorbing some 
of the colloids. Paine and Balch*^ state that within the range of moderate 
alkalinity used for cane juice defecation it seems certain that few if any of the 
reactions are quantitative.*’ 

The colloids eliminated in the process have been shown by Paine and his 
colleagues to be largely the irreversible type, ^^e., those colloids generally high 
in ash which after drying will not redissolve or redisperse when taken up with 
water again. The reversible colloids (which consist of the gummy substances 
low in ash), pass through the defecation process almost untouched. They 
also showed tlmt with an increase of lime salts in the defecated juice the amount 
of these reversible colloids or gummy substances increases in an almost direct 
linear relation, the assumption being that the excess lime over that needed 
for defecation either converts some of the irreversible colloids into the rever- 

18 The Planter. 79 (1927), 287. 

18 Ind. Eng. Chem. 20 (1928), 262. 

88 Ind. Eng. Chem. 15 (1923), 164, 

81 ** Cane Sugar.” London, 1920, 

88 The Planter. 78 (1927), No. 8. 

88 hoc, dt 

8* Log. dt. 
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sible type; or tliat it has a peptizing effect on the pectinous materials of the 
juice, or that it enters into direct chemical combination with the reversible 
colloids. 

Excessive lime in defecation has long been known to give poor working low 
grade materials in the boiling house and dark-colored, gummy sugars. The 
work cited above offers a scientific argument in favor of avoiding the use of 
more lime than the minimum needed for good clarification. 

Apparatus and Processes 

43. Defecation and Claiifilcation with Open Tanks. — ^This is the process 
that was practised since the early days of the cane-sugar industry, with little 
improvement until comparatively recent years. It is now little used except 
in the smallest factories and is described here for its historic interest. 

The raw juice is pumped fromVthe mill-tanks to double-bottomed vessels 
termed “ defecators.** The inner bottom of the defecator is of copper and the 
outer shell of iron. As soon as the bottom of the defecator is covered with 
juice, TYiilk of lime is added to it to neutralize the acids and steam is turned into 
the space between the bottoms. The workman regulates the steam-pressure 
so that by the time the defecator is filled with juice the latter will have nearly 
reached its boiling-point. The moment the thick scum that covers the surface 
“ cracks ** the steam is shut off and the juice is left undisturbed for the sub- 
sidence of impurities. 

If the quantity of lime required has been properly gauged, a part of the 
impurities rise to the surface with the scum, forming the ** blanket,** and a 
part settle to the bottom of the defecator. 

Several defecators are usually arranged in a series and are filled with juice 
in regular order. Allowing sufi5.cient time after the ^'cracking** for settling, 
the mud is drawn off from the bottom of the defecator and sent to the filter- 
presses, the clear juice is nm into the evaporator charge-tanks or into clarifiers, 
and finally the scum is sent to the presses. 

In addition to the defecation process as already described, clarifiers or 
eliminators are frequently used. The ordinary clarifier is a tank fitted with 
steam-coils and a mud-gutter. The clear juice is drawn from the defecators 
into the clarifier, where it is boiled and skimmed and is then run into settling- 
tanks. 

44. Defecation Using Closed Heaters and Open Settlers. — ^This is a modi- 
fication of the old defecation process (43) adapted to large factories. A large 
proportion of the raw sugar made today is from this type of clarification 
system. 

The juice is first limed in the cold in a series of large liming tanks as pre- 
viously described and thence through closed heaters containing a large number 
of copper tubes. Approximately I square foot of heating surface per 1 cane 
capacity-ton is required in the heaters. Exhaust-steam is used in these 
heaters. The temperature of the juice is generally raised to the boiling point 
or a little above. 

The heaters deliver the juice into large settling-tanks generally provided 
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with heating-coils. Sometimes the juice is simply settled and drawn off from 
the mud but experience indicates that much better results are obtained by the 
use of coils to reheat the juice to the “ cracking-point before settling. 

The actual average working-depth of the tanks should not exceed 6 feet. 
The greater the depth of the liquid the longer the time required for the settling 
of the precipitates. The bottom of the tank should slope sharply from the rear 
end toward the front and from the sides to the center. The slope from rear 
to front should be at least 1 inch per foot, and preferably greater. This incline 
is necessary tofacilitate the removal of the precipitates (mud, scum or cachaza). 
The juice and steam should enter the tank at the rear. The clear juice and 
mud should be drawn off at the front. The juice entering the tank at the rear 
tends to carry the mud forward to- 
ward the outlet. The coils should 
be of copper and about 4 inches in 
diameter and should provide ap- 
proximately 25 square feet of heat- 
ing surface per 1000 U. S. gallons 
of actual juice capacity m the tank 
(30-35 sq. ft. per ton cane per 
hour). The coils should be well 
above the bottom of the tank to 
facilitate the removal of the mud. 

Dr. Spencer preferred a rect- 
angular defecating tank, with 
rounded corners and the draw- 
down arrangement described below. 

These tanks may be of very large 
capacity. Many now in use have a 
working capacity in excess of 6000 
gallons. While a deep tank re- 

quires a rather long time for set- 21 . -Drawdown Pipes for Defeoa- 

tling, it has the advantage of yield- tors, 

ing a small proportion of mud. In 

so far as possible, it is preferable that the juice be conveyed from the 
defecators through pipe-lines rather than canals. 

The draw-down arrangement is shown in Fig. 21. At A is a side outlet- 
elbow, with a ventilating pipe, F, leading above the top of the tank. In draw- 
ing down, the juice flows through the nipple, the dbow, A, and the cross valve, 
Bj into the sTnall collecting-box and thence to the trunk line, D. The angle- 
valve, C is opened for a moment before drawing down the juice, for the removal 
of mud that may have settled in the pipe-line or that may be near the outlet- 
nipple. The valves, R, C, are controlled from the working-platform H, The 
valves, 0 is used in washing the mud into the* main line to the scum tanks, E. 
It will be noted that the pipe is ventilated to prevent syphoning and that the 
juice therefore stops flowing when its level reaches that of the bottom of the 
draw-down pipe and no mud can be drawn down. The elbow and nipple 
insure that juice shall be drawn from below the scum. It is advisable to locate 
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about tbzee or four diaw-dounu pipes in each defeoatoTi with difierence of lev^ 
of about 4 indhes, measured between oenters. The lowest pipe should be about 
12 inches above the bottom of the tank. The dzaw-down pipe shoxild be about 
3.5 indhes in internal diameter in a defecator of 4000 gallons working capacity. 
If the juice has been properly limed and heated^there is no probability of draw- 
ing down mud, provid^ a sufSoieht settling time is aUowed. Ample 
capacity and proper supervision of the liming are essential. Eight 5000^ 
gallon tanks are su ffic i e nt for a grinding capacity of about 1400-1500 tons of 
cane per day (80 ou. ft. per ton cane per hour). 

46. Defecation Using dosed Heaters and dosed Settlers. Dexning’s 
Process. — ^This process was invented by M. A. Soovell in a sorghum-sugar 
factory. The patents were purchased by Deming, who developed the process 
and made it available in practical work. This method came into prominence 
about twenty-4ve years ago but was largely superseded by intermittent set- 
tling (described in the previous paragraphs) until latdy when other forms of 
continuous systems have come into use. 

The juice is limed in the cold in Deming’s process, in a single constant-flow 

tank. Milk of lime flows into the juice at the heater-pump intake and is thon- 
ou^y mixed with it in the pump and in transit to the heaters. The limed 
juice is heated to approximatdly 235** F. and is then 
passed into an eliminator, where it parts with the gonAa 
is slightly concentrated, and warms the incoming cold 
juice on its way to the heater. The eliminator is a 
cylindrical dtosed-iron-vessel with a conical bottom and 
is provided with a large heating-surface in copper 
tubes. Gold juice circulates through the tubes and 
condenses the steam set free when the hot juice enters 
the lower section of the diminator. A partial vacuum 
is produced by this condensation and the air and other 
gases are withdrawn from the hot juice. The upper 
part of the eliminator is connected with a pump or the 
vacuum system. 

The temperature of the juice should be reduced to 
about 210** F. in the elimioator. From here it is 
pumped into the outer compartment, A, of the closed 
settle or pressure-separator, drown diagrammatically 
in Fig. 22. The mud is drawn off continuously from 
the conical bottom of the tank at 0 and t he juice 
is discharged from the central cone, B, In many fao- 
Fza. 22.— Demiog DemiDg*8 heaters and settlers, the juice is 

Settling Tank. beated to only 212** to 218** F. 

bis flist experience with these tanks, the earliest 
of thw type m Cuba, Dr. Spencetr noted that the mud drawn off after several 
nours operating had an offensive odor, indicating deeoyn po dtifon. < He im- 
mataped very moving sorapen in ths tanks to pNvant tlm 
nnid nrom asttling on the oonioal bottom of the Sf jH ttatof thus ttami|||t 
eBmiimted deoomposttioD. Oertsin spotes xedst tl» tatepekMoM «f jg 
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heater and cause the decomposition. In Cuban practice it is found neces- 
sary to liquidate and clean the tanks as often as may be practicable. 
(See 86.) 

46. Cleaning the Heating-surfaces of Defecators and Juice Heaters. — 
The heating-surfaces of coil-defecators used in combination with juice-heaters 
foul but little. Those in which the whole defecation process is conducted 
require frequent cleaning. Dilute muriatic acid is used. 

Juice-heaters usually foul very quickly. The usual method of cleaning is to 
circulate hot caustic-soda solution through the tubes and foUow this first with 
water and then with hot dilute muriatic acid. The soda solution may be 
returned to a storage-tank for repeated use, decanting it from the mud and 
adding caustic soda from time to time to maintain a strength of about 1 pound 
of soda to 7 gallons of solution. Occasionally the scale in the tubes is of a very 
resistant nature and must then be removed by scraping the surfaces. If the 
tube area is properly adjusted to the volume of the juice, so as to force a very 
rapid current, the scaling is much reduced. 

47. The Dorr ClarifiLer. — ^This is a continuous system of defecation first 
introduced in Cuba about 1918 which has gained rapid favor throughout the 
various sugar-producing countries. The Dorr Clarifier (see Fig. 23) is used 
either for simple clarification — displacing defecators and mud tanks — or for 
double defecation in the operation of the Petree Process. The Dorr itself is a 
circular tank made of -heavy steel plate, having an essentially fiat conical bot- 
tom and a parallel conical top. Its interior is divided into a series of relatively 
shallow compartments by steel trays which are also conical and parallel to the 
top and bottom. These trays separate the compartments completely, except- 
ing that there is a central opening extending through and from the cover 
through all the trays to the bottom, thus forming a mud passage which is 
common to all trays. Integral with the top of the tank and riveted to it, is a 
small tank or drum called the ** feedweU.” 

Above the clarifier tank body and supported by it is a steel truss. This 
truss is the support for the driving motor, the mud-thickening mechanism, and 
the diaphragm pump which withdraws the heavy mud. The mud-moving 
mechanism consists of a worm gear driving the vertical shaft which is sus- 
pended from the truss and passed through the feedwell and all the compart- 
ments to the bottom of the tank body. Keyed to this shaft, one just above the 
bottom of the tank, and one just above each of the trays, are spiders, the four 
branches of each of which support steel arms extending to the periphery of the 
tank. These steel arms carry flexible palettes of brass which rest lightly upon 
the trays and the bottom. 

A small motor, supported on the superstructure, drives the worm gear 
which turns the shaft and causes the brass palettes to sweep over and in inti- 
mate contact with the floors of all compartments. In the feedwell, attached 
to and revolving with the motion of the shaft, are four radial paddles for push- 
ing the foam into a discharge canal. Just beneath the cover of each of the 
trays, at uniformly spaced peripheral points, are the'clear juice overflow pipes. 
In each compartment, considered as a settling unit, all these peripheral over- 
flow points aare eonnected to an intemal header which passes through the side 
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wall of the tank body. There are as many take-out pipes for clean juice as 
there are compartments in a clarifier, generally four or five in number. 

All the clear juice headers extending from the compartments are connected 
into a steel overflow box or juice collecting tank near the top of the apparatus. 
Each outlet pipe is provided with a sliding sleeve which renders adjustable the 
amount of juice overflow from each compartment. The force which causes 
the juice to flow through the clarifier is the difference in level between the sur- 



Pio. 23. — Dorr Clarifier. 


face of the juice in the feedwell and that of the top of the adjustable beeves in 
£hip overflow box. 

The operation of the clarifier is thus continued indefinitely. Hot limed 
unclarified juice enters the feedwell, the foam rises and is removed, the heavy 
solids settle directly through the central opening to the bottom, the light baga^ 
cillo tends to travel toward the periphery with the juice, but the motion is so 
slow that this bagacillo settles upon the trays with a portion of the ag^omer- 
ated solids. The revolving arms with their brass palettes pull this mud to the 
opting at the center of each tray and it falls to the bottom 'to form a part ^ 
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the layer of dense mud which accumulates there. The diaphragm pump 
withdraws this heavy mud as rapidly as it forms. 

With most grades and conditions of cane, the mud withdrawn will carry 
only about 5 per cent of the total juice instead of the usual 10 or 20 per cent 
discharged from defecators. The difference in temperature between inlet 
and outlet lies between 2® and 4® F. 

The advantages claimed for the Dorr are: Saving in labor, fuel and space, 
cleaner sugars and reduced filter-press capacity requirements, reduced losses 
in press cake and more efficient boiling house work. 

48, The Petree Process. — ^The Petree Process consists of double defecation 
and the return of the resulting mud to the bagasse. The mill juices are sep- 
arated into a high purity, high density primary ” juice and a low purity, low 
density “secondary'' juice. These juices are treated separately. The 
“ primary " juice, this term being used to denote the mixture of the limed 
crusher and first mill juice, together with the clarified “ secondary ” juice is 
pumped through the primary juice heater where it is brought to a temperature 
of 212® or higher, depending upon local practice, to the primary Dorr. 

Under normal conditions about 95 per cent of the now clean and bright 
mixed juice leaves this primary Dorr at a temperature of 208-210° F. The 
quantity of juice, which is carried with the muds is therefore small. The 
second mill juice is limed separately and after being mixed with the rich set- 
tlings from the primary clarifier, is pumped through the secondary juice heater 
to the secondary Dorr. 

The “ secondary " mud, resulting from the settling of the mixture of the 
second mill juice and the 
primary mud, is usually 
diluted with the fourth mill 
juice, and this mixture 
is distributed uniformly 
and continuously over the 
bagasse as it issues from 
the second mill. The third 
mill juice is returned to the 
bagasse blanket behind the 
first mill. Local conditions 
determine the exact point 
or points at which the mix- 
ture is applied. (See flow 
sheet, Fig. 24.) 

The Petree Process makes use of a mechanical device to lime the juices as 
they come from the mills. This apparatus delivers milk of lime at a uniform 
rate into a spout. Across this spout is placed a baffle gate (in the nature of a 
weir), under which the lime milk flows in a thin uniform sheet. This sheet 
after passing the gate is divided into three parts by two adjustable splitters 
placed in the bottom of the spout. The three parts thus produced are received 
into the three compartments of a partitioned cast-iron box. From this box a 
part of the lime mik flows to the primary juice, a part to the secondary juice, 
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and the excess returns to the tank of the apparatus. The whole blanket of 
moving bagasse is automatically used to filter the very fine suspended solids 
from the weak juices of the last mills of the tandem. By disposing of the 
scums and settlings with the bagasse^ the use of filter presses becomes unneces- 
sary. 

Advantages of the Petree Process . — ^First cost and repairs of filter-press cloth, 
maintenance of filter-press pumps, washing machines and other auxiliary 
equipment, plate and frame renewals and the cost of disposing of the press- 
cake. It is stated that in factories grinding up to 2000 tons of cane per day 
the use of the Petree Process accounts for the removal of about fifteen men 
from the payroll. The solid matter of the mud becomes available combus- 
tible, equal in value pound for pound to the bagasse, increasing the amount of 
the latter by about 5 per cent. The elimination of fiber, gums and waxes from 
the juices results in better heat transmission in evaporators and pans. The 
loss in presscake as such is eliminated. Users of the Petree Process claim an 
average saving of about 1 per cent on the weight of the sucrose in cane. 

Bisoudoantages of the Petree Process . — ^Because of the return of settlings to 
the Tnillfi it is impossible to weigh the cold juice at the usual point and the 
chemical control of the factory is rendered much less positive. The earliest 
point in the process where the true control can begin is on the clarified juice as 
it enters the evaporators, and this necessitates the weighing (or measuring) of a 
very hot liquid, a difficult operation to carry out exactly. This radical change 
in the control methods makes a comparison between the figures in a factory 
employiog the Petree process and one using ordinary single defecation of doubt- 
ful value. Furthermore, even admitting the accurate estimation of the clari- 
fied juic^j the entire clarification process is omitted from the chemical control, 
unless unreliable inferential methods or equally unreliable cane sampling is 
resorted to. The secondary ” clarification of the thin juices at an acid reac- 
tion (6.4 pH) offers the possibility of inversion, but if such occurs the loss will 
not be shown by the technical figures. In spite of these objections advanced 
by many technologists the Petree Process is coming into increasing use each 
year. 

49. Gilchrist Process. — ^This process, which has several distinctive fear 
tures, is not yet in general use. The juice is first heated to 238*^ F. (114.5° C.) 
and is then sent through a coagulator ” which is essentially a tank with a 
stirring device into which is sprayed sucrate of lime regulated to give the 
desired reaction. Comment has already been made on the effect of heating 
before liming— precipitation of gums, coUoidal silicates, etc., and a further 
advantage in fiocculation of the precipitate is claimed through the very inti- 
mate mixture of the juice and the lime sucrate in the form of a spray. 

From the coagulator the limed juice goes to the Gilchrist Kapid Settler " 
which is similar in general form to the Dorr but differs radically in that it has 
a ''parallel-flow ” for the clear juice and the settlings, The juice and settlings 
both move toward the outside of the trays, the mud being removed from the 
lower rim while the clear juice is drawn out of the top of the compartment. 
The manufacturers claim very rapid settling and clearer juice thirough tite 
operation of this " parallel flow ” principle. 
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60. Home’s ** Super-defecation.”.^^^ — ^This is a double-defecation process 
patented by W. D. Horne in which the first defecation is carried out by adding 
lime until no further precipitate is obtainable (strongly alkaline) and heating 
to 150° F. (66° C.) only, settling, and drawing off the clear juice by any of the 
usual methods. To the clarified juice is then added sodium phosphate (or 
acid calcium phosphate and sodium carbonate) to precipitate the excess lime 
salts, after which the double-defecated juice is again drawn off. The settlings 
from both defecations are combined and filter-pressed together. The juices 
from this process produce light-colored sugars low in ash and suspended matter 
and high in test.^^ 

risFECATION IN WhITB-SUGAR PROCESSES®^ 

61. Remarks upon White-Sugar Processes. — ^Factories producing planta- 
tion white sugar, with few exceptions, make a “ near ” or “ off ” white product 
as compared with the American refiner's standard granulated sugar. In occa- 
sional ** runs,” however, in well-equipped factories, the product is almost or 
quite indistinguishable from refined sugar. 

It is diflSicult to produce a perfectly uniform quality of sugar in the factory 
owing largely to the variable purity of the raw material. Judging from the 
opinions of many producers of white sugar, that made by the carbonation 
processes is of more uniform quality than by the exclusively sulphitation 
processes. The later are usually the cheaper processes. 

There is a marked rise in the coefiicient of purity of the juice in the car- 
bonation process. This rise often exceeds two degrees. It is a true rise and is 
reflected in an increased yield of sugar. The rise of purity by sulphitation is 
not so great as by carbonation and de Haan claims that the latter process 
increases the yield of sugar more than 2 per cent over sulphitation processes 
and more than justifies the increased cost. 

There is considerable difference of opinion as regards the possibility of 
making as white a product from the very dark-colored canes as from the light 
yellow and so-called white canes. The effect of the dark color is reduced by 
increase of lime in the defecation as in the carbonation and Bach processes. 
It is very probable that the best white sugars are produced from the light- 
colored canes. 

Great attention to detail is essential to successful white-sugar manufacture. 
A Httle carelessness in the carbonation or sulphitation and filtration wiU result 
in a poor product. Double purging of the sugars in the centrifugals reduces 
the risk of staining the sugar through the necessarily imperfect removal of the 
molasses. Thorough cleanliness from start to finish is very essential; not only, 
from the point of view of color, but also of yield of sugar. 

62. Sulphitation Process of Louisiana. — ^This is one of the simplest of the 

The Planter. Vol. 72 (1924), No. 11. 

Home Ind. Eng. Chem. Vol. 16 (1924), 732, Vol. 20 .(1928), 680. 

*^W. H. Th. Harloff's “Plantation White Sugar.” 2nd Ed., London, 1920, 
should be consulted for a very thorough study of carbonation and sulphitation in 
the cane industry. 
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sulphitation processes and when ddllfnlly conducted produces a very good, 
though irregular, quality of near-white ” or “ off-white ” sugar. 

The cold raw-juice is pumped through a sulphur-tower or box, in opposite 
direction to and through a current of sulphurous acid gas. The juice should 
absorb as much of the gas as is possible (pH 3.4r-3.8). This sulphitation is 
followed by liming to very slight acidity to sensitive litmus paper (pH 6.0-6.6) 
and the juice is then heated, settled and decanted, as is usual in the defecation 
process. The juice is usually reheated to boiling and then brushed before 
settling. Evaporation to sirup follows. Many factories boil and brush the 
sirup also. This brushing is a wasteful process, since it entails large consump- 
tion of fuel and loss of sucrose. Heating to the boiling-point is suflficient. 
The concentrated juice is also sometimes sulphited. 

This is a very old process, and possibly originated in the English or French 
colonies. It is interesting to note that it has always been the custom to work 
the juice faintly acid to sensitive htmue to prevent coloration of the sugar. 
This condition corresponds to the essential one of the recent Java acid thin- 
juice process. 

Many modifications and minor improvements of this process are in use in 
Louisiana factories: Double defecation using phosphate of soda in the second 
precipitation with subsequent bag filtering; bag filtration of the sirup after a 
resulphitation; pressure filtration of the sirup using a filter-aid (Filter-Cel) and 
the use of hydrosulphite of soda in the sirup and in the pans are among those 
expedients that have been adopted to give a higher grade of white sugar. 

63. Sulphitation after Liming. — ^This process differs from the preceding in 
adding the lime, in large excess over that required to neutralize the juice, 
before sulphitation. Approximately 8 gallons of xxulk of Hme of 26.5 Brix is 
used, thus producing a very heavy precipitate with the sulphurous acid and 
which may be readily removed by settling and decantation. If a larger quan- 
tity of lime is used, e.g.j 10 to 12 gallons, the precipitate may be removed by 
filter-pressing. The sulphitation is continued to neutrality to phenolphthalein. 
The decanted or filter-pressed juice, after concentration to sirup, is usually 
cooled and sulphited to dight acidity. An acidity equivalent to that required 
in 10 cc. of sirup to neutralize 25 to 30 cc. of 100th normal alkali is a suitable 
amount. 

Bach*8 Sulphitation Process . — ^This process is extensively used in Java, 
under the patents of its inventor, N. B. Bach. Lime is added and is precip- 
itated by sulphurous acid at two stages, each followed by subsidence and 
decantation or by filter-pressing. Very little if any more lime is used than in 
the process described in the preceding paragraph. 

From 5 to 7 gallons of milk of lime of 26.5® Brix is added to each 1000 gal- 
lons of cold raw juice. This is then sulphited to neutrality to phenolphthalein 
and finally heated to full boiling, settled and the clear juice decanted as in the 
ordinary defecation. The clear juice is evaporated to the customary density, 
approximately 66® Brix. 

The sirup obtained as above described is passed throus^ ft cooler and its 
temperature is reduced to about that of the factory’s water supply. From 
16 to 17 gallons of the milk of lime per lOOQ gallons are now added to it and it 
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is then sulphited to neutrality to phenolphthalein, or the full quantity of sul- 
phurous acid in solution may be added to the sirup prior to the lime. Since 
the volume of the sirup is about 30 per cent of that of the original juice, the 
total volume of milk of lime used per 1000 gallons of juice is from 10 to 12 gal- 
lons. Steam jets are used to beat down the foam during the sulphitation. 
The sulphited sirup is heated to about 194° F. (90° C.) and is filter-pressed. 
The press-cake is washed with water in the press and a large part of the sugar 
it contains is recovered. The filtration is rapid and the cakes are firm and 
well formed. 

The filtered sirup contains some bisulphite of lime and is therefore heated 
to about 195° F., to decompose this and other binsulphites. The heated sirup 
is usually run into settling-tanks, and after the deposition of the precipitates the 
clear liquor is decanted and cooled as previously, and is then sulphited to dis- 
tinct acid reaction to phenolphthalein and' is then ready for the vacuum-pan 
(pH 6.1).“ 

Bach’s process is sometimes slightly modified by separating all of the pre- 
cipitates by decantation and mixing and filter-pressing them together. 

This process requires approximately 0.056 per cent of sulphur on the weight 
of the cane. The sugars are of good quality. 


Cabbonation Processes 

64. Preliminary Remarks. — ^The ease with which cane-juices yield to the 
ordinary defecation and sulphitation processes has retarded an extension of the 
carbonation process, even in Java, where it has its largest application. The 
U. S. Department of Agriculture conducted extensive experiments on a manu- 
facturing scale with carbonation of sorghum-juices in Kansas and cane-juice in 
Louisiana, over forty years ago. Dr. Spencer was active in this experimental 
work with Dr. H. W. Wiley, then Chief of the Bureau of Chemistry. As the 
Government reports show, these experiments were satisfactory from a manu- 
facturing, but not financial point of view. They brought out the necessity 
of carbonation at temperatures well below 60° C., as is now practiced in Java, 
though this possibly originated with the French in the early Spanish installa- 
tions. 

There are two distinct carbonation processes, viz.: the single, in which all 
the added lime is saturated in one operation, and the double carbonation, in 
which the juice is treated twice with the gas. In the double process, a part of 
the lime is carbonated and removed by filtration and this is followed by a 
second carbonation in which the remaining lime, or this and a small additional 
quantity, are completdy saturated with carbonic acid gas. 

The single process has been materially and successfully modified by J. S. 
de Haan, thereby reducing the quantity of lime required and the expense of 
the process. 

66. Single Carbonation. — ^A quantity of lime in the form of a milk and 
varying somewhat with the quality of the cane, is added to the cold raw juice. 

« Famell, Int. Sug, Jour. 27 (1924), 141. 
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This quaiitity of lime is approsdmately 1 per cent of quick-lime in terms of the 
weight of the cane. The facility with which the carbonated juice is filter- 
pressed is the principal factor in determining the quantity of lime which should 
be thoroughly slaked and eflficiently strained through fine wire-sieves. The, 
juice is usually limed in the carbonation-tank. The single carbonation is an; 
intermittent process, i,e., the tank is completely emptied after each operation. 

The tanks for the single carbonation and the first carbonation in the double, 
process in modem installations are very deep, often exceeding 22 feet in depth 
to take care of foaming. The tank is usually filled to less than one-fourth its 
depth. Pipes leading above the factory roof are provided to carry off the sur- 
plus carbonic acid. These tanks are usually provided with steam heating- 
coils. 

Having limed the juice, carbonic add is forced into it near the bottom of the 
tank. The gas attacks the hme forming the carbonate and then forms sucro- 
carbonates of lime and renders the juice very viscous. It is at this stage that 
foaming begins and it increases with the increase of sucrocarbonates. There 
is always danger of forming dark-colored decomposition products with the 
glucose when steam is used to beat down this foam. Further there may be 
excessive rise of temperature, which will later be shown to be very objectionable. 
The carbonic acid gradually combines with the lime. The sound made by the 
bubbles of gas in the juice and the violence of the frothing are indications 
to the attendant of the progress of the carbonation. 

The temperature gradually rises during the progress of the carbonation. 
During the early stage the temperature should approximate 45^ 0. and should 
nearly reach 55® 0. when all the lime is precipitated. When steam is not used 
to reduce frothing, the rise is not sufiScient for the final stage of the process. 
Therefore, when neutrality of the juice to very sensitive phenolphthalein paper 
is nearly reached, steam is turned into the heating-coils and the temperature 
is gradually raised to 55® C. Finally when the phenolphthalein paper (Dupont 
paper) indicates neutrality the juice is heated to 70 ® C. It is necessary to raise 
the temperature in order to break up the sucrocarbonates and to facilitate 
filtration of the juice. The attendant may note approaching neutrality by the 
spoon test,” i,e., the appearance of the juice held in a spoon. The precip- 
itates separate sharply from the juice when the latter has an alkalinity equiva- 
lent to approximately 0.04 per cent calcium oxide or as often stated 0.4 gram 
hme per liter. The expression equivalent ” is used here because the alkar 
linity is partly due to potassium and sodium hydroxides, formed by the action 
of the hme upon the sodium and potassium salts of the juice. The spoon-test 
must be followed by frequent tests with the phenolphthalein paper (Dupont 
paper) until neutrahty to this paper is reached. The juice is then heated to 
nearly 70® 0. and is over-carbonated during a very few seconds to neutrahze 
the shght alkalinity arising from hme that has not been attacked by the car- 
bonic acid. In practicing the carbonation process on beet-juices allowance 
must be made for alkahnity other than due to hme, to avoid over-okrbonating. 
This is not usually necessary in cane work, but it is adyisablq to make' occa- 
sional tests for potash alkahnity to be prepared to correct for it. 

The next stage of the process is .t^e filter-pressing. The are 
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dress-id with heavy cotton-cloths as in the defecation process. Thin cotton- 
cloths are usually placed over the heavy cloth to protect it from wear. Three 
suits of heavy cloth are usually consumed per five suits of the thin. Steam 
is turned into the press before use and is not shut off until it escapes freely from 
the juice-cocks. The object of this steaming is to destroy bacteria, which, on 
account of the low temperature of the material to be filtered, would other- 
wise be very active in destroying sugar. 

The carbonated juice is pumped into the presses at pressures up to about 
46 lbs. and should filter very rapidly. The juice should flow very freely from 
the cocks and the press-cake ^ould be firm and granular. Contrary condi- 
tions, sluggish filtration and a pasty press-cake indicate the use of too little 
lime or an imperfect carbonation. The work of the jS^ter presses is the best 
indication of correctness of the manipulations. The filter press-cake is usually 
washed in the press to a low sucrose content. (See under filter presses, page 70.) 

The filtered juice is sulphited, concentrated, etc., as in the sulphitation 
process. 

De Hoangs Single Carbonation Process , — ^This important modification of 
the carbonation process is due to J. S. de Haan, Klaten, Java, and is in use in 
several factories under his technical direction. 

This process reduces the consumption of lime and simplifies the equipment 
without sacrificing the quality of the sugar product. The alkalinity of the 
juice is kept within very moderate limits during the carbonation. 

The raw juice is heated to46°~50®C.,and then asmall stream of milk of lime 
and the carbonic-acid gas are simultaneously turned into it. The flow of the 
lime and gas is carefully regulated so as to maintain an alkalinity approximat- 
ing very closely to 0.25 per cent until all the lime required has been added. 
The usual total quantity of milk of lime of 35.7® Brix is from 4 to 5 per cent of 
the volume of the juice. Approximately 20 tons of lime-stone and 1.8 tons of 
gas-coke are used per 1000 tons of cane in producing the lime and carbonic- 
acid gas. The carbonation is now continued to neutrality to Dupont paper 
and the juice is heated to 70® C. The injection of the gas is continued one 
minute after neutrality is reached. The object of this over-carbonation is 
to prevent particles of lime that have not been converted into the carbonate 
from rendering the juice alkahne and discoloring it. 

The juice is now filter-pressed as in the preceding process. The required 
filter-cloth area is approximately 1.7 square feet in a frame-press per 1 mil li n g 
capacity-ton of cane per day. 

The filtered juice is concentrated to sirup and, after cooling, is sulphited 
to an acidity equivalent to 25 to 30 cc. of lOOth-normal alkali per 10 cc. of 
sirup. 

66, Double Carbonation Process. — ^AU carbonation methods are based 
upon the original French process used in treating beet-juices. The double 
process as aj^lied in cane factories differs from the modem beet method only 
in the temperature of the operation and in carbonating to neutrality to phenol- 
phthalein paper (Dupont paper). 

From 7 to 10 per cent by volume of milk of lime of 36.7® Brix is added to 
the juice, which is warmed to about 113® F. (46® C.). The first carbonation is 
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bhen conducted precisely as in the single carbonation method (65) up to the 
point when the spoon test shows a sharp separation of the precipitate from the • 
juice or a chemical test shows about 0.04 per cent alkalinity. Shortly before 
this alkalinity is reached the juice is warmed to a temperature of nearly 66® ^ 
C. and is then jQIter-pressed. Nothing would be gained by continuing the 
gassing to a lower alkalinity than 0.04 per cent. With this alkalinity there is 
no danger of redissolving parts of the precipitates, the juice filters very freely 
and sufficient lime is left for the second carbonation or saturation. 

Lime may or may not be added to the filtered juice from the first carbona-^ 
tion preliminary to the saturation. This juice usually contains sufficient lime 
except when, through error, the gassing has been pushed too far. The second 
carbonation proceeds very rapidly, without foaming, and is pushed to neu- 
trality as in the preceding processes. The juice is finally heated to 168® F. 
(70® C.) preparatory to filtration, and before discharging from the tank should 
be gassed for a few seconds to prevent deleterious action of particles of caustic 
lime that may have been occluded in the precipitates. 

The saturated juice, on account of the condition of the precipitates, is fil- 
tered under very low pressure. Gravity filters or shallow frame-presses are 
usually used for this purpose with a pressure of but 4 to 6 pounds. (See 63.) 
The filter press with gravity pressure is the more economical means of filtering. 

The object in conducting the process in two stages and filtering the strongly 
alkaline juice from the first is the removal of substances that are soluble or 
slightly so in neutral solution. Among these substances are magnesia, usually 
largely derived from the limestone, the oxalates and possibly other organic 
salts and substances, such as coloring matters, that are held mechanically by 
the precipitates. 

The precipitates from the second filtration are usually mixed with the juice 
going to the first filter-presses and are thus subjected to washing with the press- 
cake. 

Sulphitation of the filtered juice from the second carbonation is practiced 
as in the previous processes and as recommended by Earlofi in the following 
paragraph, and it is then concentrated to sirup. The sirup, after cooling, is 
usually sulphited to ah acidity equivalent to from 16 to 30 ec. of N/lOO alkali 
per 10 cc. of sirup. 

57. Harloff’s Add Thin-juice Process. — ^Harloff’s experience in Java led 
him to a study of the influence upon the juice, sirup, and consequently the sugar 
of various salts, especially the potassium sulphites and carbonates and the 
corresponding salts of lime and iron. These studies led to a very general 
practice of sulphiting the raw juice or the carbonated juice to acidity to 
phenolphthalein in the Java factories. Dr. Spencer visited many factories in 
Java in the summer of 1913, and, with very few exceptions all sulphited to 
acidity. It had long been the custom to sulphite sirup to acidity, but hot the 
juice. 

Of most importance, Harlofl ^ found that sulphites do not darken clarified 
juice containing glucose on heating and that carbonates do. This led to th« 
natural conclusion that in so far as may be all the salts should be converted intc 
“Plantation White Sugar Manufacture.’* W. H. Th'* 
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sulphites, since it is impracticable to remove them. He accomplishes thia by 
sulphiting to neutrality to litmus, which corresponds to slight acidity to 
phenolphthalein. Further, iron salts, if present in the raw or carbonated juice, 
are in the ferric state. These salts are reduced to the ferrous state in juices by 
the sulphurous acid and are colorless and remain so in acid solution. The 
ferrous salts do not crystallise out with the sugar from acid solution. 

Litmus cannot be conveniently used at night or when the light is poor, and 
therefore, is an uncertain instrument in the hands of a laborer. Harloff recom> 
mends the use of the Vivien tube, which is employed largely in France in 
beet-sugar work. The tube is filled to the zero mark with N/lOO potassium 
hydroxide containing phenolphthalein, and sulphited juice is added until the 
red color is discharged. If, for example, the requisite quantity of juice to dis- 
charge the color is 10 of the scale on the Vivien tube and a smaller number is 
obtained, the juice is too acid and the injection of sulphurous acid must be 
reduced. Check tests should occasionally be made with juice neutralized to 
litmus in daylight. Obviously a burette control could be used, but this is not 
quite so easy a manipulation as with the Vivien tube. pH control is now being 
used as in other clarification processes. 

Harloff recommends that the juice mixed with the precipitates be not heated 
to a higher temperature than 90® C. (194® F.) in closed heaters on account of 
fouling the heating-surfaces. Heating above this temperature should be in 
open tanks. 

It has been the custom for a great many years in Louisiana to work with 
an acid juice simply because with this condition the color of the sugar is better, 
and apparently with no definite idea as to why this is true. Harloff ^s investi- 
gations show very clearly why the sugar is better. 

Harloff calls attention to the corrosion of the tubes of the evaporators, on 
the vapor side, when the juice is left acid to litmus. He also states that the 
return waters are acid under this condition and damage the tubes of the steam 
boilers. The boiler-feed water should be rendered slightly alkaline with soda 
when sulphitation is practiced. 

68. Plantation White Sugar with Vegetable Carbons. — ^The literature on 
this subject is volximinous and is largely made up of claims and descriptions of 
processes by carbon manufacturers and inventors. With no intention of 
belittling its importance, the scope of this book does not permit of a detailed 
treatment of the subject since no one of the carbons has gained especial favor 
in this type of work, nor is any appreciable amount of white sugar made in this 
way. In general, the juice is first defecated, the reaction being left slightly 
acid (pH 6.4-6.8) and the carbon added to the juice which is then filter-pressed. 
Other processes add the carbon to the sirup (meladura) as it leaves the evap- 
orator. The decolorization and gum-removal are high with all the better vege- 
table carbons, the main difficulty being the revivification and the cost of the 
carbon itself. 

The refining of melted raw sugars by the “Suchar Process” (p. 175) is an 
established process which is described in the chapter on Itefining. 
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Special Apparatus Used in the Sulphepation and Carbonation Processes 

69. Sialphur Stoves or Ovens and Stdphitors.— The older type of stove, 
Fig. 25, is used quite generally in Louisania. The body of the stove is water- 
jacketed for cooling. A large pipe, usually 6 to 
8 inches in diameter, also water-jacketed, leads 
about 4 to 6 feet to the gas-main. This pipe serves 
as a subliming-chamber and catches a large part of 
the sublimed sulphur. Suitable valves are pro- 
vided for discozmecting the stove from the main 
pipe-line so that a stove may be cleaned without 
interfering with the others in the battery. Air 
for the combustion of the sulphur should be drawn 
through a drying-box and then forced into the 
stove by a compressor. 

It is very essential that this sulphur-stove be 
provided p^ectly dry, clean air for the combus- 
tion in order to avoid partial oxidation to sul- 
phuric acid. 

The drier is preferably a cast-iron box pro- 
vided with a tight-fitting door and trays for holding 
layers of quick-lime. The air enters the box at 
Fio. 26.— SxUphur Bumw. bottom and passes over the lime on its way to 

the compressor. A drier about 3X8X4 feet is 
usually large enough for a stove of 8 square feet fire area. Two stoves of this 
size are sufficient for a factory consuming about 750 lbs. of sulphur per day. 



Fig. 26 . — Rotary Sulphur Burner. 


A rotary sulphur burner, made by the Glens Falls Machine Works (Fig. 
26) is in use in beet factories and the more modem cane installations which use 
sulphur. This burner uses induced draft. The sulphur is fed to the rotary 
burner by a mechanical feed (not shown in the cut) and melts by its. own heat of 
combustion in the rotating cylinder presenting a large surface for combustion 
as the sulphur drips through the air. Air is drawn in at an adjustable neck 
« AnfMihHmation Sleeve ” at the connection between the rotating 
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drum and the combustion chamber i^own at the left. This is a cast-iron or 
brick-lined compartment with baffles in which the oxidation of the sulphur and 
mixing with the diluting air are completed. A uniform gas (6 per cent to 16 
percent SO 2 ^ desired) free of sulphuric acid is delivered to the sulphitors. 

Sulphitation tanks are of many forms, but the usual one is a moderately 
deep iron-tank provided with a cover and chimney to the outer air, suitable 
test-cocks, valves, and a perforated pipe for distributing the sulphurous-acid 
gas. The pipes and tanks should be arranged to facilitate cleaning at frequent 
intervals. The bottom is preferably conical. Perforated pipes for steam-jets 
to break down foam shoiild be provided in sirup sulphitors. Where the tank is 
used to saturate large quantities of lime, as in Bach’s process, intermittent 
work is advisable, and at least three tanks should be installed, otherwise a single 
continuous sulphitation should be used. Two tanks may be used in this 
method, though one very deep one with more careful manipulation vwll answer. 
The juice enters the first tank at the bottom and is sulphited to approximately 
the desired test. It overflows and enters the second tank at the bottom and is 
sulphited to the required acidity. Prom the second tank the juice flows 
through juice-heaters and filters to the charge-tanks of the evaporator. 

60. Carbonation-tanks. — ^The carbonation-tanks are of iron and ^ould be 
more than 20 feet in depth for the first carbonation to take care of foaming. 
The tank should have stifficient steam-coil capacity to heat the juice quickly. 
The carbonic-acid and juice-connections should be large to provide for rapid 
work. A first carbonation should require about ten minutes and a second 
about three to five minutes for the gassing. 

Formerly the gas was led into the juice through perforated pipes. Such 
pipes always give trouble through incrustations of lime. In more recent 
practice the gas enters through a large pipe in the conical bottom of the tank 
and is deflected at intervals by baffle-plates or other device, so arranged as 
to insure thorough distribution of the carbonic acid. There are many methods 
of arranging the pipes to reduce the scaling and facilitate cleaning them. 

Continuous carbonation is advisable for the second stage of the process. 
The quantity of lime to be saturated is very small and with a suitable device 
the outflowing juice is readily carbonated to the desired point. There are sev- 
eral continuous carbonators on the market designed for beet work. Descrip- 
tions of them will be found in many works on beet-sugar. 

If intermittent second carbonation is practiced, the tanks may be com- 
paratively shallow, as there is little foaming. 

61. Lime-kilns. — ^The carbonic acid is obtained from lime-stone calcined by 
coke-fires in a special continuous kiln. This kiln, as also aU other carbonation 
and sulphitation machinery are the identical devices that are used in beet- 
sugar manufacture. 

The kiln proper is 25 to 30 feet high and is the frustum of a cone of narrow 
angle with the small end upward. A mixture of limestone and coke is fed into 
the at the top through a conical self-closing door. Three distinct zones are 
maintained in the kiln, viz.: (1) at the top, the fresh zone and unignited coke; 
(2) at the middle is the combustion and dissociation zone; (3) below the com- 
bustion-zone is that in which the resultant lime is cooled and drawn off. 

TTiTnfl are usually built of the Belgian type in which the’ body is supported 
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upon four diort columns, leaving the bottom open and free for the discharge 
of lime. The columns stand upon a concrete platform upon which the lime 
rests. Stone is piled upon this platform to support the kindling and mixture 
of stone and coke, when the kiln is put into commission. As the firing pro- 
gresses and the lime is produced this stone is removed from time to time and 
finally its place is taken by quick-hme. The kiln is provided with numerous 
openings, having tight-fitting plates or doors, for use in watching the progress 
of the fibdng and for breaking down “ scaffolds.” 

The draft is induced by the carbonic acid pump, which is located conven- 
iently near the carbonation tanks. A pipe leads the gas through a washer and 
scrubber and thence to the pump which discharges it into the carbonation- 
tanks. The gas is thoroughly washed with water. 

The kiln must have but one inlet for air, and that where the lime is dis- 
charged. The quantity of air drawn in, and, therefore, the combustion, is 
regulated by the speed of the carbonic-acid pump. It is evident that this 
pump must be kept in thorough order and must work with great regularity, 
since the success of the carbonation depends upon it. The zone of dissociation 
must be maintained in its proper place. The essential conditions are the 
delivery of rich gas containing above 30 per cent of carbonic acid and properly 
burned lime. 

The gas should be frequently tested as described in 417, 418. The quality 
of the coke and stone must be controlled. The following brief summary of 
kiln conditions will assist in the interpretation of analyses: 

U) The gas contains a large excess of oxygen, little carbonic oxide, and a 
low percentage of carbonic add: Leakage is indicated at a point between the 
gas-pump and the kiln. If the combustion zone is white hot the gas-pump is 
running too fast or the coke is too coarse. The draw of lime should be in- 
creased. 

(2) The gas contains too little carbonic acid and neither carbonic oxide nor 
oxygen is excessive: Smaller quantities of lime should be drawn and at longer 
intervals. The mixture of stone and coke should be investigated, as the 
proportion of the latter may be too large. 

(3) . li'he richness of the gas in carbonic acid is fluctuating: The pump may 
be runnhig too slowly and irregularly. 

(4) The gas contains an excess of carbonic oxide and normal quantity of 
oxygen:^. The combustion of the coke is incomplete and carbonic acid is con- 
verted into monoxide on account of deficiency of oxygen; other conditions 
being normal, the coke is too coarse and the pump is running too fast. 

(5) The gas contains both oxygen and carbonic oxide in excess: The circu- 
lation of the gas is slow and the sampler is drawing some air. 

The American beet-sugar factories usually use high-grade metallurgical coke 
in their kilns. The high cost of such coke has forced the Java factories to sub- 
stitute the cheaper gas-coke and oil-still residuum. The residuum is used in 
the ratio of 1 to 12 of stone by the weight. Coke is used in ratio of 1 to 9.6-11 
of stone. 

See analysis of lime-stone, p. 891. 
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FILTRATION PROCESSES AND MACHINERY 

62. Juice Filtration. — ^In the usual processes of cane-sugar manufacture 
the entire clarified juice is not filter-pressed, but only that portion contained 
in the scums and precipitates from the defecation. The juice clarified by the 
defecation process contains fine flocculent matter which soon obstructs the 
pores of the cloth. Several processes, depending upon the addition of saw- 
dust, lignite, charcoal, kieselguhr, etc., to the clarified juice preparatory to fil- 
tration, have been devised, but none has been economically successful. In the 
Bach sulphitation process, both the juice and sirup may be filter-pressed. The 
precipitated calcium sulphite supplies a filtering medium as does the carbonate 
in the carbonation processes. 

Mechanical filters of many types, using sand, cloth, or other filtering media 
have been used with varying success. Bone-black filters were formerly used in 
making plantation white sugars, but these have been displaced by the sulphur- 
ous-acid processes. 

In practically all raw sugar manufacture, the clarified juice decanted from 
the defecators is sent direct to the multiple efiect evaporators without further 
treatment. If the clarification has been defective no amount of screening will 
greatly improve the juice nor will any form of filtration give satisfactory 
results. A mechanical screening through fine wire cloth is effective in removing 
floating particles of bagacillo and other suspended matter which the defecating 
precipitate has failed to enmesh, but even this is not generally resorted to. 
A 100 X 100 metal cloth is employed frequently but there are difficulties in 
keeping the screen from stopping up. Geerligs ^ describes a slanting bronze 
gauze screen containing 2000 meshes per square centimeter (about 13,000 per 
square inch) as well as a rotating screen similar to the Feck strainer (Sec. 29). 
The Mitchell electric vibrating screen has just come into use for this purpose at 
some Cuban factories. 

A device patented by Hadfield in Hawaii ^ consists of a screened compart- 
ment inside a square shallow tank, the screening surface being 160 X 150 
monel metal cloth. The clarified juice flows into the tank outside the screened 
compartment and then finds its way through the fine screen. This would very 
quickly block up were it not for a spray of strained juice which is gently played 
on the outflow side of the screen. The idea is not to dislodge the particles of 
bagaciUo, sediment, dirt, etc., which are caught on the screen, as this is taken 

^ "Cane Sugar Manufacture 2nd Edildon, London, 1024. 

« W. G. Hall. The Planter, 72 (1926), 290. 
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advantage of as a filtering medium. The spray is the principal part of the 
system. The theory is explained as follows: 

If a perfectly flat piece of very fine-meshed screen is held horizontally, 
and a drop or so of water gently poured also horizontally over the surface it 
will be seen that the water remains on the surface and does not penetrate the 
meshes of the screen. A slight canting of the screen will cause the drop of 
water to roll off the surface like water off a duck's back. If, however, the 
screen is touched with the finger or sprayed with water, directly under this 
drop, it at once penetrates the meshes of the screen. Some such attraction, 
whether capillary or otherwise, is going on whilst the screens are working, for, 
once the spray stops the impurities lodging on the outside of the screen block 
the system. Start the spray again, and the whole system again functions." 

A factory running 60 tons of raw juice per hour is said to require three 
tanks containing 24 square feet of screen surface each. Cleaning and wash- 
ing takes but a few minutes, the frequency depending on the cleanliness of the 
juice, 

63. Mechanical Cloth Filters. — ^The use of bag filters such as are used in 
refining (Sec. 162) is rarely resorted to in the defecation processes. Occasion- 
ally in white sugar work use is made of this form of filter (Sec. 66) but only 
when some other reagent is used in addition to lime. 

Mechanical cloth filters of the Danek type are also rarely used. They 
consist of a large number of rectangular bags suspended in a closed iron box. 
Each bag or pocket has an independent discharge-pipe communicating with the 
inside of it. A metal distender prevents the bags from collapsing. The clan*' 
fied juice flows into the filter by gravity, under a low head, fills the box, and 
filters into the bags. The mud collects on the outside of the bags and from 
time to time falls off. The pressure is so low that the mud is not impacted upon 
the cloth. When the cloths become foul, the flow of juice is shut off and the 
mud is sent to the filter-presses. 

64. Sand Filters. — Several types of sand filters for juice and sirup are in use. 
As the name of the filter implies, the filtering medium is fime, sharp sand. 
Pulverized coke may also be used. The fiOitering material must be of grains 
of uniform size, otherwise the filter will soon clog. 

When the filtering medium is clogged with mud the juice it contains is dis- 
placed with water and the sand is then thoroughly washed with hot water 
under pump-pressure or otherwise, according to the type of the filter. After 
washing the filter is again ready for service. 

These filters have been used with moderate success in the cane-industry, 
but their use is not general. Geerligs^ reports the removal of considerable 
cane fiber, albuminoids, wax and mineral matter by sand filters. 

66. Excelsior Filters, Bagasse Filters, etc . — Excelsior FiUer 9 . — ^The excel- 
sior filter was devised in the Hawaiian ligands for filtering clarified juice. A 
small tank, about 2.5 to 3 feet deep and of convenient dimensions for manip- 
ulating the filtering medium, is fitted with a false bottom about 2 inches 
above its bottom. A pipe-line for bringing clarified juice to the filter is con- 
nected with it at the center of the tank's bottom end over this inlet is 

* “Cane Sugar Mwiufacture.” 2nd Editjte|t, J1924, London. 
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placed, a small baffle-plate to break the force of the current and distribute the 
juice. An overflow-pipe is connected near the upper edge of the tank to lead 
the filtered juice to the charge-tanks of the evaporators. 

The filter is prepared for work by packing it with the ordinary excelsior 
that is used in shipping merchandise. A wire screen is placed on top of the 
excelsior to prevent it from floating and to retain particles of the material that 
might be carried along with the juice. A filter capacity of approximately 160 
cubic feet of excelsior is necessary per 1000 tons of cane. These filters and 
others of a similar type have been largely discontinued because of the great 
heat losses inherent in their use and also because of the possibilities of fermen- 
tation and inversion. It is now recognized that the more rapidly the juice 
can be brought to the sirup stage the better. 

Bagasse Filters . — ^These filters are constructed in precisely the same way 
as the excelsior filters except that fine bagasse is the filtering medium. When 
the filtration becomes sluggish the bagasse is removed from the filter and put 
upon the mill-carrier for regrinding. 

This material has a great tendency to ferment and thus contaminate the 
juices during filtration. 

Fiber Filters^ etc . — ^Various fibers are used to a limited extent in a way sim- 
ilar to excelsior. Thin sheets of paper-pulp have found a small application in 
sirup-filters. Granulated cork, asbestos and many other materials have been 
used but with little success. 

Alcohol Predpitation . — ^In a very old French process, alcohol was used as a 
precipitant in sorghum-juice. Filtration followed without difficulty. The 
U. S. Department of Agriculture modified this process in adding an equal 
volume of strong alcohol to sorghum-sirup of about 65® Brix. A very heavy 
precipitate consisting partly of gums was thrown down and was very easily 
removed by filter-pressing. The alcohol was recovered by distillation and the 
sugar was crystallized as is customary. 

Centrifugal Separators . — Several forms of centrifugal separators have been 
brought out by inventors from time to time. In these the machine differs 
from the ordinary centrifugal in having no perforations in the basket. The 
defecated juice or even juice without previous removal of the mud (cachaza) is 
nm into the machine near the bottom of the basket. The mud is thrown 
to the wall of the basket by the centrifugal force and the clean juice flows over 
the rim. 

The cost of the plant and the expense for power, loss of heat, oil, etc., are 
possibly the reasons for the small extension of this process. If the defecation 
is good and the separation of the precipitates therefore sharp, the centrifugals 
will deliver very clean clarified juice. 

66. Filtration of Scums and Muds. — ^The sciuns and juice tank-bottoms 
may be easily filter-pressed. It is advisable to heat this material thoroughly in 
steam “ blowups,” settle the mud, and decant the clean juice preparatory to 
filtration. There is a gain both in sugar and facility of filtration by this treat- 
ment. There is an additional gain of sugar by adding water to the residual 
mud and heating and settling it, and decanting the thin juice. The mud 
filter-presses more readily when alkaline, therefore lime is usually added to it to 
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bring it to a pH of 8.0-8.5. However, great care should be taken to avoid an 
excess of lime as is explained later. 

67. Filter-presses. — ^Filter-presses are so generally used in the sugar indus- 
try that full description of them is unnecessary. Briefly, a filter-press consists 
of a number of iron plates and frames or recessed plates over which filtering 
doths are placed. The frames and plates are supported on a heavy frame- 
work and are clamped together by a powerful jack-screw. The cloth itself 
makes the joints between the frames and plates. 

There are two general types of presses, the center-feed and side-feed or 
frame presses. 

The center-feed presses are made up of heavy recessed plates, with a round 
opening in each and a corresponding hole in the cloth to form the inlet channel. 
The cloth is clamped to the plate at each of these openings. 

There is no hole in the cloth in the frame-press. A lug projects from each 
frame and plate and in each there is an opening to form the mud-channel. 
Rubber rings or cloth “ stockings form the joints between the lugs. 

When a press is in use the mud collects in the frames or recessed plates and 
the filtered juice runs off through suitable openings. 

A pressure of 40 pounds to the square inch is sufficient for very good press- 
work. With heavier pressure there is risk of breaking the presses and liability 
of forming a coating of almost impervious material upon the doths. 

It is the usual practice in making white-sugar to filter-press the mud 
without ILxning it. It is often advisable to use a moderate quantity of lime, and 
if necessary reclarify the filtered juice, mixing it with clarified juice, or acidu- 
lating it with phosphoric acid. 

68. Washing the Cake. — ^Filter-presses are usually arranged so that the 
press-cake may be washed or the juice it contains be displaced with water. 
In displacing the juice the cooks are closed on the water-plates and water is 
forced through the cake, driving the juice ahead of it. This is feasible only in 
defecation factories having very large filter-press capacity, as the displacement 
is exceedingly slow. This method is applicable in the carbonation and certain 
of the sulphitation processes. In order to economize wash-water and conse- 
quently fuel for evaporating, the last runnings of a previous press are often 
used in beginning the washing of the cake. 

Galbis and Bach devised a scheme for washing presses which is simple, 
rapid and practical. The supply of scum juice is shut off from the press before 
the frames have completely filled with press cake so that an open space is left 
between the two iimer surfaces. The current of wash-water is run through 
the same channels as the juice and this open space permits free access of the 
water to all parts of the cloths. This scheme is only applicable where a firm, 
hard cake is found. Hot water is used in sweetening off at the same pressure 
as the juice when the filtration was stopped. 

Geerligs * says that in practical working of this scheme the sweetening off 
is stopped when the effluent reaches a density of 2 to 3* Brix, the remaining 
liquid in the cake being expelled by compressed air or steam. He reports an 
average filtration time of one and one-half to two hours and one-half hour for 

* “Cane Sugar Manufacture.” 2nd Edirion, page 180, 1024. 
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sweetening off and steammg, the sucrose content of the cake being reduced 
to under 1 per cent. Experience in Cuba has shown that wash^ cake is 
extremely variable in composition when sampled in different parts of the 
frames. General practice on the island is to dilute muds and not to wash. 

69. Double Filter-Pressing. — Double filter-pressing is a method of exhaust- 
ing the press-cake of sugar in the defecation and other processes but with cer- 
tain marked disadvantages as mentioned below. The first pressing is con- 
ducted as usual. The first press-cake is conveyed to a machine for breaking it 
and then it is beaten to a cream with water. This cream is next heated to 
boiling and is then pumped into a second set of filter-presses. The filtrate 
from these presses may be used in diluting mud (cachaza) preparatory to the 
first pressing. This method requires a filter-press plant of si^cient capacity to 
devote about one-third of the presses to the second filtration. The sucrose 
content of the press-cake may readily be reduced below one-half per cent with- 
out excessive use of water. 

Many factories which adopted double pressing have discontinued it 
because of the conviction that the gain in sucrose was not sufficient to offset 
the redissolved impurities put back into the process. Allen ® published results 
to show that no such adverse conditions could be ascribed to double pressing, 
but Keane, McCalip and Paine ^ in a similar study concluded that it seems 
debatable whether the sugar recovered is of sufficient value to offset the effect 
of the harmful impurities which enter the process in this operation.” The 
factories which discontinued double pressing have done so largely on their own 
experience in this matter of washing out excess of impurities for return to the 
process, rather than on the findings of others. 

70. Leaf Filters. — Kelly, Sweetland and Vallez Filters similar in general 
form to those used in refining (Sec. 163) have found some use in the raw sugar 
industry though they have not succeeded in displacing the simpler plate-and- 
frame presses to any considerable extent. 

71. Quantity of Press Cake. — ^The proportion of filter press cake varies 
greatly with the locality, efficiency of milling, and juice straining and press 
efficiency. The quantity of lime used in the clarification has also an effect on 
the proportion, the more lime, the more press cake. The addition of earth 
from flooded canes also modifies the proportion. 

The amoimt of cake per ton of cane gradually increases as the season 
advances and is at its maximum at the end of the grinding. Washing the cake 
reduces the weight not only through the removal of sugar but also by the 
washing out of soluble impurities. Double filter pressing produces less cake. 
Too short a press cycle, resulting in cakes with high moisture percentage is a 
frequent cause of excessive quantity and attendant loss of sugar. An example 
of this is a factory that usually produced a crop average of 35 to 40 pounds per 
ton of cane which reduced this number to about 31 pounds by lengthening the 
time under pressure. The cake per ton of cane ranges from 16 to 40 poun^ in 
Cuba, with efficient factory work, Allen ^ gives the following figures for single 

»The Planter. 71 (1923), 214. 

• “Facts About Sugar.” October 8, 1927. 

’ The Planter. Vol. 71 (1923), page 250. 
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and double pressing covering six years of each class of work in a Porto Rican 
factory: 



Per Cent 
Sugar 

Per Cent 
Moisture 

Pounds 
Cake per 
Ton of Cane 

Square Feet 
Filtering 
Area per 
1000 Tons 
Cane 

Single pressing 

Double pressing 

3.925 

1.233 

65.15 

59.03 

25.25 

27.40 

2206 

3166 


Note : — ^The greater weight of cake with double pressing is accounted for 
in this instance by the higher moisture content. Similar figures for a large 
Cuban factory showed: 



Per Cent 
Sugar 

Pounds Cake 
per Ton 
of Cane 

Purity of 
Press Juice 

Single pressing 

5.08 

33.60 

81.2 

Double pressing 

1.90 

28.00 

72.6 



72. Disposal of Filter Press Juice. — ^The filtered scum juice from the 
presses may be disposed of in one of several ways: (1) by clarifying and reset- 
tling separately and then mixing with the clarified juice; (2) by returning to 
the defecators for redefecation and resettling in conjunction with the main 
stream of raw juice and (3) by pumping it direct to the charge tanks of the evap- 
orators. 

The first method (separate clarification) is rarely resorted to and the third 
method of mixing the material with the defecated juice is objectionable if excess 
lime has been added to the scums before filter pressing. Under these circum- 
stances the more alkaline press juice may set up a slight precipitate in the 
defecated juice and this precipitate, in combination with the excess soluble lime 
increases the scaling of evaporator tubes. The second method of sending the 
press water back through the clarification system is general practice and until 
recently was considered to offer no objections whatever since it was believed 
that any excess lime would react with the undefecated juice and be an aid to 
clarification. 

In the work already cited, Heane, McCalip and Faine^ have shown that 
this action does not take place and that 80 per cent of the excess lime in the 
filtered press juice finds its way into the evaporator even though it is xnixed 

^ Ind. Eng. Chem. Vol. 20 (1928), page 373. 
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with the raw juice and redefeoatsd and that all the reverMble colloids formed by 
the action of lime (see Sec. 42) pass through the redefecation untouched and go 
to the evaporators exactly the same as if the press juice had been sent direct to 
the evaporator instead of passing the second time through the defecation 
system. 

This work indicates the necessity of a careful control of the liming of the 
scum waters and the avoidance of the addition of any lime at this station if a 
good cake can be secured without it. In Hawaii, with the more alkaline clari- 
fication recently adopted, it has been found that no lime is needed at the press 
station, and the press water is sent directly to the evaporators according 
to the third method given above. It is probable that returning the press juice 
to the undefecated juice for retreatment (Method 2) is to be preferred even 
with correct lime control in order to avoid the possibility of muddy press juice 
(caused by some failure at the presses) being added to the clarified juice going 
to the multiple effects. 



CHAPTER VUI 


CHEMICAL REAGENTS USED IN PURIFYING THE JUICE* 

73. Lime.— The most effective agent of moderate cost that has been found 
for the treatment of the juice is lime. There are several methods of preparing 
this substance for use in defecation, the commonest and most convenient prac- 
tice being to prepare from quick-lime a milk of lime of 12® to 15® Baum4 
(approximately 10 to 13 per cent CaO) which is pumped to the liming station 
through pipe-lines in which it is kept constantly circulating. Other methods 
less commonly used follow: (1) Quicklime is ground to a powder which must be 
slaked with water before liming the juice. (2) Dry slaked lime is prepared by 
sprinkling water on heaps of lime and the sifted powder mixed with juice 
preparatory to use in the defecation. (3) The lime is slaked in large tanks and 
then allowed to settle to form a heavy paste, after which the supernatant water 
is drawn off, and the paste weighed for use in the liming tanks. 

The preparation of the lime is of great importance, especially in the manu- 
facture of white sugar. Essential conditions in properly slaking lime are that 
full time be allowed for the reaction and that too much water be not added, 
thus reducing the temperature. The slaking tanks should be large so as to 
retain the heat of the reaction and promote the slaking. 

When the factories of Louisiana were very small, it was the custom to slake 
the lime in advance of the grinding season. The milk was reduced, after slak- 
ing, to a low density with water and then passed through fine screens into a 
second tank and so on until aU the containers were filled. After allowing a few 
days for the hydrated lime to settle out, the supernatant liquid was drawn 
off and fresh portions of the strained milk were added to the paste already 
in the tank. The alternate drainage and settling were repeated until all the 
tanks were filled with the heavy lime-paste. Dr. Spencer frequently noted 
indications of further slaking even two or three weeks after l^e tanks had 
been filled. This description is given to emphasize the importance of the time 
element. 

Quality of Lime.— The lime used in the purification of the juice should be 
very pure. The magnesia and soluble silicates of the lime used in the defeca- 
tion processes form scale in the evaporators. However, mention is made far- 
ther on of the satisfactory use of lime containing large quantities of magnesia. 

(Jeerligs* gives the following tests for a good lime for clarification purposes: 
It should become very hot in a few minutes when treated with half its weight 

* A list of several hundred substances and combinations that have been proposed 
for use in sugar manufacture, is given on page 535. 

* Cane Sugar Manufacture.” 2nd Edition, London, 1924. 
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of water; should form a soft cream after ftln-Ving when mixed with ten 
times its weight of water; this cream should not contain more than one-tenth 
of the original weight of lumps which fail to pass through a fine sieve, and 
most of these particles should soften in an hour’s time. He places the maximum 
allowable percentage of silica, of oxides of iron and alumina and of magnesia at 
2 per cent each. 

Hydrated lime is sold in powdered form packed in heavy paper sacks such 
as are used for cement. The convenience, cleanliness and purity of lime in this 
form have led to its adoption in most refineries and in cane factories in Louisi- 
ana and other sections where the freight rates will permit. Its use in the 
British West Indies is on the increase. A hydrated lime from the southern 
part of the United States (calculated to non-volatile basis) showed: 


Total CaO 96.80 

MgO 1.20 

SOs 09 

Iron and alumina 1.11 

Insoluble and undetermined 80 


100.00 

The quality of the limestone used in the carbonation process is of great 
importance. Certain stones rich in siliea tend to “ scaffold ” in the kiln, and 
others have hydraulic properties, resulting in an almost impervious filter-cake. 

Lime from coral beach-sand is used to some extent in the Hawaiianfactories. 
The following analysis* of lime from this source shows high magnesia content: 
Silica, 0.18 per cent; lime, 91.7 per cent; magnesia, 4.15 per cent. Analyses 
of two Cuban coral sands (dry) gave a magnesia carbonate content of 6.6 and 
4.6 per cent. The first of these Cuban sands would produce lime containing 
92.5 per cent calcium oxide, 6.0 per cent magnesium oxide and 1.5 per cent 
silica, etc. 

The following information relative to coral sand is from the Paia factory, 
Island of Maui, H. T.^: '' Coral sand is burned in rotary kilns with temperature 
control. Damp sand is preferred, since the temperature at which dissociation 
of carbon dioxide takes place is slightly lessened in the presence of steam gen- 
erated from the moisture. 

“ Coral sand contains considerable magnesia which is usually presumed 
to be objectionable in the defecation owing to its depositing upon the heating- 
surfaces. Further, a portion of the magnesia remaining in the molasses would 
increase the molasses output with consequent loss of sucrose- The experience 
of the Maui Agricultural Co., Paia factory, showed a large elimination of the 
magnesia in the press-cake. The defecation was good, the yield of sugar 
satisfactory and the output of molasses was small. The lime contained 5.45 
per cent of magnesia.” Dr. Spencer visited Paia in 1913 and saw coral lime in 
use in the defecation process. The alkaline filtration in the double carbonation 
process eliminates the magnesia from the juice. 

» Spec. Report, July, 1913, Expt. Sta. Haw. Sugar Planters* Ass*n. 

* Planters’ Monthly (Hawaiian), Nov., 1909, 444. 
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74. Sulphurous Add. — The production is described in the white-sugar 
section, page 64. This reagent is little used in raw sugar manufacture except 
in Louisiana. 

Aside from its bleaching effects the sulphurous acid produces a heavy pre- 
cipitate with the lime which assists mechanically in the clarification. It also 
breaks up some of the lim salts and thus reduces the viscosity of the sirup and 
massecuites. Sulphured sirups and massacuites boil much more freely in the 
vacuum-pan than those made without this reagent. 

75. Carbonate of Soda (“ Soda Ash Caustic Soda. — ^Juices which have 
begun to ferment are better neutralized with soda, rather than with lime, as 
the latter produces soluble salts that are very objectionable. The use of soda 
ash to neutralize excess acidity in juice from burned cane is common practice 
in many factories. The soda salts are also useful in neutralizing molasses. 
The carbonate apparently has a beneficial effect when taken into the pan in 
boiling low-grade massecuites. 

Carbonate of soda is an incomplete precipitant of lime from its salts in 
sugar solutions. In a series of experiments de Grobert ^ found that the addi- 
tion of carbonate of soda to a sirup in the proportion of its equivalent of lime 
precipitated about 52 per cent of the lime. The addition of two equivalents 
more of soda precipitated 81 per cent of the lime. A part of the soda remained 
in a free state and the remainder was neutralized by the organic non-sugar. 
M. de Grobert states that if carbonate of soda is used in juices, sirups, etc., 
it should be the theoretical quantity required to combine with the lime. 

L. R. Cook ® cites an experience in pan-boihng in beet-sugar work when an 
excessive amount of lime salts in the low-grade material prevented the pan 
from boiling. Cottonseed oil was injected into the massecuite and improved 
the conditions. The oil was then saponified with caustic soda. This immedi- 
ately further improved the conditions and the pan boiled freely. 

A viscous or very heavy massecuite that is difficult to pump usually yields 
readily after the addition of carbonate of soda. Such massecuites are more 
easily purged in the centrifugals after the soda treatment. 

S. S. Peck ^ advises the addition of sodium carbonate to a raw juice that 
contains excessive quantities of sulphate which tends to form calcium sulphate 
scales in the heaters and evaporators. The sodium carbonate decreases the 
amount of insoluble ash, phosphoric acid and lime in the filtered juice; it par- 
tially removes magnesia; it increases the amount of material removed by the 
filter-presses and effects a slight increase in the proportion of organic impuri- 
ties removed from the juice. The use of carbonate of soda mater^ly increases 
the cost of the defecation. 

76. Phosphoric Acid. — ^Phosphoric acid and calcium acid phosphate, under 
various trade names, are used to a large extent in Louisiana in the clarification 
of the juice, as a sugar-wash at the centrifugals, and in the preparation of 
molasses for reboiling. 

In the clarification, the phosphoric acid or the phosphate is added in small 

^ Eighth Cong. App. Chem., 8, 21. 

®Op. Cit., 87. 61. 

^ Bui. 33. Expt. Sta. Haw. Planters* Ass’n. 
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excess to the slightly over-limed clarified juice. The juice is then boiled and 
brushed, and run into the settling-tanks. This is the basis of Hornets “ super- 
defecation” process (50). 

77. Various Chemicals Used in the Defecation of the Juice. — A large num- 
ber of substances have been proposed for use in purifying the juice but only a 
few have to a very limited extent been practically applied in manufacture. 
Among these substances are barytes, hyposulphurous acid (made by the reduc- 
tion of sulphurous acid with zinc or tin dust), hydrosulphites of sodium and of 
calcium, clay, alumina, etc. 

Hyposulphurous acid is used in bleaching molasses, also tin salt, or muriate 
of tin. The last named was used in centrifugal washes for yellow sugars, but 
is objectionable because of its toxic properties. 

Kieselguhr (diatomaceous earth, best known under the trade name of 
Filter-Cel) is used as a filtering medium. The addition of this material to 
juice or sirup greatly facilitates filtration although its use has become general 
only in the refining branch of the industry (see page 154). 



CHAPTER rX 


EVAPOKATION OF THE JUICE i 

78. Multiple-eSect Evaporation.— In the old processes of sugar-manufac- 
ture, the juice was evaporated to a sirup and the sirup to the point of crystal- 
lization, in open kettles over a fire or in open pans in which the liquor wasi 
boiled by live steam-coils. These processes have nearly disappeared and are 
used only in very small factories in places where the price of sugar or molasses 
is very high, or where local conditions permit. 

In all modem factories the clarified juice is evaporated to a sirup of 66®' 
or 60® Brix in multiple-effect evaporators, the steam being made to do duty 
two or more times according to the t 3 rpe of evaporator. The evaporation is 
conducted in various forms of multiple-effect vacuum apparatus of which the 
so-called standard ” type, in triple, quadruple, or even quintuple effect, is 
the most generally used. 

79. The Standard ” Type of Multiple Evaporator.— A description of this 
form of evaporator in triple effect will serve the purposes of this book, though 
quadruples are now much more common than triples, and, as will be explained 
later, vapor cdls and pre-evaporators are used in addition in many modern 
factories. In the standard ” effect to be described the liquor is boiled in a. 
deep layer, from 3 to 4 feet in depth, whereas in shallow and film evaporators 
the depth varies from a few inches to but a thin film, according to the type of 
the evaporator. 

The standard triple-effect consists of three vertical cylindrical vessels,, 
termed “ pans,'' ** effects ” or “ bodies," the lower part of each of which is 
provided with a steam-drum fitted with copper or brass tubes, through which 
the juice circulates and which are surrounded by steam. The steam-drum is 
termed the calandria." In the center of the calandria is a large tube which 
carries the juice back to the lower part of the pans as it boils up through the 
tubes. This large tube is called the “ down-take." 

The space above the calandria, the vapor-space, is connected by means of a 
large vapor-pipe with the steam-space of the second pan, and the vapor-space 
of the second pan with the calandria of the third. The vapor-space of the third 
pan is connected by a large pipe with the condenser and vacuum-pump. The 
juice in the first pan is boiled by the exhaust steam from the various pumps and 
engines and its water of condensation flows through a trap to the boilei^feed 
water-tank. 

The vapor generated in the first pan is used to boil the juice in the second, 
and that generated in the second to boil the sirup in the third pan. The juice 

^ See Chap. XII, “Evaporating and Juice Heating/’ by fjrgf, Wt E P, Creighton. 
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is fed into the first pan and circulates from pan to pan and finally reaches the 
third, the thin juice being admitted as fast as the evaporation of the water 
and the removal of finished sirup permits. A vacuum is produced in the third 
pan by the pump and condenser and in the first and second pans by the con- 
densation of the vapors in the calandrias of the second and third pans. The 
vacuum in each pan depends somewhat upon the working conditions, but is 
usually about 5 to 7 inches of mercury in the first, 14 to 17 in the second, and 
26 to 28 in the third pan. By reason of the differences in the vacuum, the juice 
travels from pan to pan and the vapors produced in the evaporation in the first 
pan are hot enough to boil the liquor in the second, and those in the second 
to boil the sirup in the third pan. The condensation water of the second pan 
is either drawn into the calandiia of the third pan, or is directly pumped to 
the boiler-feed tanks, and that of the third pan is also removed by a pump. 

These pumps are usually termed “sweet-water pumps.” The sirup is 
removed from the third pan continuously by means of a pump, the workman 
regulating its density by the steam-pressure and the quantity of juice in the 
first pan, and the rate of pumping the liquor from the third pan. Valves are 
provided on the pipes connecting the pans to regulate the flow of the 
liquor. 

The procedure described is sometimes somewhat modified by the use of 
Chapman's circulating-pipes. These pipes are like inverted syphons connect- 
ing the liquor-spaces and are of such length that the vacumn in the pans is not 
sufficient to empty them. They are arranged to maintain a constant level of 
liquor in the pans without the use of other regulating-valv^ than those for the 
juice and steam in the first pan. These pipes cause the liquor to circulate very 
rapidly through the tubes of the calandiia. In operating the apparatus the 
workman needs only to regulate the inflow of juice and steam-pressure on the 
first pan. It is perhaps needless to state that a very uniform vacuum in the 
third pan is requisite to satisfactory work with these circulators. 

Owing to the rapidity of the evaporation in multiple-effects there is more or 
less entrainment of juice with the vapors. This juice is recovered by leading 
the vapors against baffie-plates, usually in a greatly enlarged section of the 
vapor-pipe. The enlargement of the pipe reduces the rate of the travel of 
the vapors and permits the deposition of the entrained juice. This device is 
called a “ save-all” or ‘catch all.” 

An evaporator having two pans is a double effect, three pans a triple effect, 
four pans a quadruple effect, etc. The principle in aU types is the same as that 
outlined for the standard triple effect. With higher combinations than three 
pans the first pan is worked under pressure instead of vacuum and is known as 
the “ pressure-pan.” 

80. Incondensable Gases. — ^The calandrias of multiple effects are provided 
with pipes for the removal of the incondensable gases. A careful supervision 
of the removal of these gases is necessary, not only because they reduce the 
efficiency of the heating-surfaces, but, further, they frequently destroy them. 
The gases contain ammonia derived largely from the decomposition of the 
amids of the juice, and partly from other nitrogenous constituents. The 
ftmmonia should be removed, since it attacks the upper ends of the copper 
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tubes ill tlie steam-space and ruins them. Juices from new canes contain more 
ammonia than those from old canes. 

81. Steam Economies in Evaporators. — ^It has long been recognized in the 
beet industry that the greatest possibilities for steam economies lay in making 
some of the vapors from the evaporators do double or triple duty in other 
forms of heating. These possibilities are now being made use of to a consider- 
able extent in the cane industry, the means used being as follows: 

“ Robbing ” the First Effect, — ^More steam is generated in the first and 
second bodies of a quadruple effect than is needed by the evaporation in the 
others, and this “ extra steam ” is ‘^robbed** or taken off for use in juice heat- 
ing. It is general practice, however, to provide the first vessel with a larger 
heating surface (frequently double) than the other vessels in order that all 
the juice may be thus heated. This use of the vapors extends double effect 
heating to the juices, and sometimes to other forms of heating also. 

Vapor Cells, — ^An extension of the above idea is the installation of an addi- 
tional vessel ahead of the evaporator, to the calandria of which exhaust steam 
is added, while all the vapors are withdrawn from it for juice heating. Pressures 
in the various bodies will vary with changes in conditions, but the following, 
observed in such a system in operation, will serve as an illustration: Vapor 
cell — calandria, 11 pounds; vapor space 7i pounds. First body — calandria, 
8 pounds pressure; vapor space, 5 pounds pressure. Second body — 
l-in. vacuum; third body — 14-in. vacuum; fourth body — 26-in. vacuum. 
The saving in fuel, where all jiuce is heated by vapors from the evaporating 
system, is close to 5 per cent of the total consumed by the factory. Juice 
heaters for use with these methods are usually the closed return-tube type and 
must be made larger than for use with exhaust steam because of the lower 
temperature of the vapors doing the heating. 

DovbU-^ffect Vapor Cdl. — ^A further extension of the vapor cell is the dead- 
end double effect, exhaust steam being supplied to the first calandria while the 
vapors from the second body are all sent to the juice heaters. The partly con- 
centrated juice goes on to the multiple effect to be further evaporated to 60° 
Brix. This system is said to save 8i per cent of the steam required by a factory 
using a straight quadruple* and the total evaporator heating surface is no 
greater. Dead-end triple-effect vapor cells are also being tried. 

PauLy-^einer ” Pre~eoaporators, — These have been used extensively in 
the beet industry and have come into use recently in many modem factories 
where electrification and other means of steam economies have resulted in a 
marked reduction in the quantity of exhaust steam. These “ Paulys,” as they 
are termed in Cuba, are similar to the bodies of a standard effect, except that 
live steam (35 to 40 pounds pressure) is admitted to the calandria and the 
resulting vapors from the juice go directly into the exhaust steam system of the 
factory. The amount of live steam admitted to the calandria is so regulated 
(frequently automatically) thataconstant inressure is maintained in the exhaust 
main. Such a pre-evaporator can only be an economy where the shortage; of 
exhaust steam is sufficient to justify its installation., . 

The live steam gives a l^h rate of evaporation and .tb^ore a 

* G. W. Connon. Facts About Sugar, April 30, 1997- . f 



STEAM ECONOMIES IN EVAPORATORS 


81 


increase in the capacity of the evaporator equipment} and each pound of steam 
that can be sent to the exhaust system represents a saving of nearly a quarter 
of a pound of steam in the total amount required to operate the factory. 

The “ regenerative ” pre-evaporator which been installed in one or two 
Cuban factories consists of the type abeady described connected with a series 
of “ thermo-compressors ” (Fig. 27). A part of the vapor goes direct to the 
exhaust system while the remaining part goes to the thermo-compressors in 
which the low pressure steam is compressed to a hi^er pressure by means of 
the velocity of a jet of live steam much on the same principle as a steam 
injector. The steam so compressed is sent back into the calandria of the pre- 



Fig. 27, — Thermo-Compressors Connected to Evaporator. 


evaporator, each pound of live steam thus being made to do double duty. This 
^stem is only of value where exhaust steam is deficient for boiling purposes. 

The Honolulu Iron Works describes an installation of this type as 
consisting of '' a standard quadruple effect evaporator having 12 feet 6 inches 
diameter cells to which was added a regenerative pre-evaporator 14 feet 6 
inches diameter, the pre-evaporator being designed to supply its own thermo- 
compressors mth approximately 46,000 pounds of vapor per hour, as well as to 
furnish 45,000 pounds of exhaust steam at 10 pounds pressure to the house 
exhaust mains. This work was accomplished by the use of 46,000 to 50,000 
pounds of live steam per hour, giving approximatdy the economy of a double 
eSs^ in a single cell evaporator. The completed combination increased the 
capacity oi the evaporator about 30 per cent.” 
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Evaporating juice at 10 or 12 pounds pressure (239®*245® F.) was studied 
by No@l Deeir in his investigation of the effect of high temperatures upon cane 
sugar in solution. Among other conclusions he arrived at the following: (1) 
** The system obtainmg in cane-juices is a very complex one, consisting of very 
variable amounts of salts of both strong and weak acids, and of free alkali. 
Hence a temperature that may be safe with one juice may cause serious inver- 
sion with another. With conditions usually prevailing in local factories 
(Hawaiian Islands), juices should suffer a ^If hour's heating at 120® 0. 
(248® F.) with no detectable loss of sugar. It would be conservative to adopt 
this temperature as the highest to which cane-juice should be subjected during 
evaporation, though under a careful system of control and observation a tem- 
perature of 126® C. (267® F.), or even 130® 0. (266® F.) .for shorter periods, 
might be permissible." (2) The steiilization of cane-sugar products is pos- 
sible since it occurs almost instantaneously at 126® C." (3) ** The use of high- 
temperature evaporation and the preheater system of evaporation and also 
the sterilization of all cane-sugar house products is possible under a rational 
control.” 

Unfortunately the determination of pH in sugar house products was not in 
use at the time Deerr reached these conclusions. It is possible that inversion 
takes place at these temperatures at reactions somewhat above 7.0 pH though 
agreement on this point has not been reached by investigators. Certainly 
acid juices (pH much below 7.0) will show definite inversion at the temperatures 
maintained in the Pauly pre-evaporator. 

82. SettUng the Sirup. — ^After the concentration of the juice to a sirup in 
the multiple-effect evaporators, it. is pumped to combined settling- and storage- 
tanks. A considerable quantity of impurities that were soluble in the thin 
juice are insoluble in the sirup. A part of these impurities deposit themselves 
upon the heating-surface of the evaporator, forming a hard scale. Those which 
remain in suspension are removed by settling and decantation in the tanks 
mentioned above. The sediment that collects in these tanks is very rich in 
sugar. This material cannot be readily filter-pressed, therefore it is usually 
pumped to the defecators or clarifiers, to be diluted with juice and the precip- 
itate removed by decantation. Large modem factories have little time for 
settling the sirup. 

Instead of pumping the sirup directly to the settling-tanks, it is often first 
bofied and skimmed, t.e., clarified. This is probably beneficial in the manufac- 
ture of white sugar, but at the expense of sucrose, through inversion. The 
glucose-ratio of the sirup rapidly increases during the clarification, and the 
scum and foam that rise to the surface have approximately the same coeffi- 
cient of purity as the sirup from which they are derived. 

83. Evaporator Scale. — ^The scale which forms on the tubes of the evapo- 
rators must be removed at frequent intervals as it is a very poor conductor of 
heat. Its composition varies somewhat with that of the bane and in some 
localities forms very much faster than in others. The tubes of the first pan, 
which always contains thin juice, scale little compared with thosS of the 
other pans. The third pan of a triple-effect cbxitaihs the thibkest and most 
obstinate scale. 
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The following analyses of the scales indicate their composition in the dif- 
ferent pans of a quadruple effect: ^ 



1st Pan, 
Per Cent 

2d Pan, 
Per Cent 

3d Pan, 
Per Cent 

4th Pan, 
Per Cent 

1 

Phosphate of lime 

57.86 

66.98 


7.49 

Sulphate of Kme 

2.02 

1.92 


1.65 

Carbonate of lime 

3.25 

4.68 

19.55 

9.93 

Silicate of lime 

7.86 

13.31 

0.71 

7.02 

Oxalate of lime 



11.32 

11.27 

Iron oxide 

2.03 

1.53 

2.31 

2.58 

Silica 

7.79 

7.43 


54.34 

Combustible matter 

20.37 

13.41 


5.08 


84. Cleaning Evaporator Tuhes.--The tubes may be cleaned by moistening 
the scale with water and scraping the surfaces. This is a very laborious and 
tedious method, therefore the following is usuallyused,and applies also in clean- 
ing the coils of the vacuum-pans. The pans are filled to above the level of the 
tubes with a caustic soda solution containing from 1 to 2 pounds of the soda per 
cubic foot of solution. This soda solution is boiled during several hours and is 
then run from the pans into an iron or lead-lined store-tank. The pans axe 
washed with water and then boiled with dilute muriatic acid, which is after- 
wards run into the sewer. The acid should be strong enough to be very acid 
to the taste. This treatment if repeated at intervals of about a week will 
usually keep the heating-surface in good condition. At the end of the manu- 
facturing season it is usually necessary to give the tubes a thorough scraping. 

The solution may be used repeatedly, adding caustic soda from time 
to time as it becomes weakened. The soda solution is always boiled under 
atmospheric pressure in cleaning evaporators and pans. 

In Hawaii a method of spraying the tubes with caustic soda, soda ash, or a 
mixture of both, has been favorably reported on.* Soda solution of 30® 
is pumped into the bodies of the evaporator through ordinary garden spray 
nozzles placed so that the solution falls in a fine rain over the tubes. A small 
amount of steam in the calandria serves to keep the soda hot. The soda drains 
back to the supply tank and the spraying continues for about two hours, after 
which the effect is washed with water. Acid is used subsequently if needed. 

* Prinsen-Geerligs Kobus Archief., 1900, 694. 

* N. E, Wright, The Planter, VoL 79 (1927), No. 28. 
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PRESERVAHON OF THE JUICE AND SIRUP DURING TEMPORARY 
SUSPENSION OP MANUFACTURE 

85. Storing of Juice and Sirup during Shut-downs.-— It may be necessary 
in the event of the breakage of the machinery or delay from other causes to 
store juice and sirup several hours, or even days. Sirup will usually keep sweet, 
under tropical conditions, from 36 to 48 hours without the use of a preservative, 
provided that it is of fully 54.3° Biix (30° B4) density; is stored in dean tanks, 
not in the vicinity of fermenting sugar solutions and the pH is 6.8 or above. 
Raw juice will keep sweet but a very short time without a preservative and in 
the event of a shut-down all juice should be limed, heated and sent to the 
defecators. The method of manufacture influences the keeping qualities of 
juices and sirup, those treated by the sulphur processes remmning sweet much 
longer tha n others prepared with lime only. 

The length of time which defecated juice will keep without preservatives 
depends on the temperature at which it is stored and the reaction of the juice. 
McAJlep ^ reports that juice limed to a pH between 7.6 and 8.3 (tested after 
heating] and hdd at a temperature of 180° has frequently been kept for twenty- 
two hours with no acidity devdoping sufSdent to cause inversion of sucrose. 
H. S. Walker is reported by McAUep ‘ as keeping juices over a twenty-four or 
thirty-six-hour shut-down without preservatives by reducing the temperature 
of the stored juices to 180° F. and not permitting it to fall bdow 160° F. 
(bdow which point bacterial action will devdop). 

86. Preservation with Formaldehyde.— Formalin, which is a 40-per cent 
solution of formaldehyde in water, is a cheap and effective preservative for 
juices and sirups during shut-downs. Its use was first advocated by Dr. Spen- 
cer in Cuba in 1908 and has now become quite general. 

Qatified juice, made by the sulphur proceas, may be stored in dean tanks 
for thirty-dx hours and probably longer by the edition of 8 cc. of a 40 per 
cent solution of formald^yde per cubic foot of juice (about 1 part formalin to 
10,000 parts of juice). Juice clarified by the ordinary process requires consid- 
erably more than this quantity of formalddiyde, usually from 6 to 8 cc. (from 
1:5000 to 1:4000). 

Spencer preserved 30° Baumd sirup during a period of seven days by the 
addition of 6 cc. of 40 per cent formaldehyde solution pear cubic foot. Possibly 
less formaldehyde would have answered, but it was not deemed advisable to 
incur risk. The capadty of the storage-tanks was 6000 gallons each. 

‘ The Planter. Vol. n (19241, No. 6. 

*Loe. eli. 



PRESERVATION WITH FORMALDEHYDE 


85 


J uice may be preserved twenty-four hours in the defecators, without remov- 
ing the scum or mud, by the use of formaldehyde. The measured quantity of 
the preservative should be mixed with the juice immediately on starting to fill 
the defecator. With closed separators of the Dorr type the formaldehyde 
should be added to the pump tank and pumped through the heaters to make 
certain of thorough mixing. 

Dr. Spencer found that there was always a slight deterioration of juice even 
in the presence of formaldehyde. This was undoubtedly due to the high tem- 
peratures at which the juices were carried, and can be entirely prevented by 
maintaining a temperature not higher than 180° F. on any juice carried over, as 
reported by McAllep and Walker in the work cited above. Insulation with 
dry bagasse of tanks used for storage of juices to keep the temperature from 
dropping below 160° F. is advocated by McAllep. 

It has been shown by Norris ® and Meade ^ and corroborated by Owen 
bacteriologically that formaldehyde in too small amounts (say 1 : 50,000 or 
1 : 100,000) will actually increase the deterioration due to micro-organisms, so 
no attempt should be made to economize on the preservative. The cost of 
formaldehyde in barrels is so small that it would usually be advisable to 
employ it in even larger quantities than is indicated above. It practically 
all disappears from the juice in the evaporation. 

® Hawaiian Bulletin, No. 23. 

^Proc. VIII Int. Cong. Applied Chem., N. Y. 1912. 
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CRYSTALLIZATION OF THE SUGAR 

87. The Vacutun-pan. — ^The sirup obtained in the concentration of the juice 
still from 36 to 46 per cent of water. The content of water could have 

been largel 7 reduced in the multiple-effect (assu m ing sufScient evaporator 



capacity) but to facilitate the graining of the sugar further evaporation is 
conducted in a vacuum-pan in single-effect. Formerly, sirup was always 
turned out of the evaporators at 64 Brix or lower but recently many factories 
have increased the sirup density to 60 or even 66 Brix in order to make use of as 
much steam as possible in the multiple-effect for the sake of fuel economy. 

Modem vacuum-pans are of two types— coil and calandria pans. The 
older style is the coil pan (Fig. 28) which is a vertical cylindrical vessd of oast 
iron with a conical bottom; fitted as shown with a number of copper steam- 
coils in which live steam (generally reduced in pressure to 40 or 60 pounds) is 
circulated. 
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It has a large door or strike-valve at the bottom, for the discharge of the 
sugar. The roof or dome of the pan is connected with a save-all and con- 
denser by a large vapor-pipe and yidth a vacuum-pump by a small pipe. The 
vapor-pipe is usually made very large, that the velocity of the vapors may be 
comparatively slow, thus reducing the entrainment of sirup. The pan is 
also provided with eyeglasses or lunettes throxigh which to observe the prog- 
ress of the boiling liquor, and a proof-stick for the removal of test samples. 
The apparatus is so arranged that the panman can vary the temperature of 
the boiling liquor by increasing or decreasing the vacuum which is produced by 
the pump and condenser. 

The calandria pan differs from the coil pan only in the character of the heat- 
ing surface. The one shown in cross-section in Mg. 29 is a double calandria of 
the “ basket ’’ type, so-called because the calandrias (S) slope toward the large 
center down-take pipe to facilitate discharging the massecuite from the pan 
and the draining of the condensed water from the steam space. Flat calan- 
drias have no slope, as the name implies, and are frequently employed where 
coil pans have been changed to the calandria type. Calandria pans are gener- 
ally operated on exhaust steam at 10 pounds pressure. 

The large number of short copper tubes makes it possible to carry much 
greater heating surface (30 to 50 per cent more) than in a coil pan of similar size, 
and the pan is left freer from obstructions to circulation, both of which charac- 
teristics combine to make it possible to boil a strike in a calandria pan in 
a shorter time than in a coil pan, despite the higher steam pressure used in the 
latter. Coil-pans have been gradually replaced by the calandria type and some 
of the latest design cane-factories have no coil-pans at all. 

The vapors from the pan (of whatever type) are condensed in a special con- 
denser (CO and flow with the condensing-water through a torricellian tube or 
“ leg-pipe ” L (see Fig. 28) to a hot well and thence from the factory, while the 
air is led off in a separate pipe and removed by the pump. In many tropical 
factories there is a shortage of water and the condenser-water is run to cooling 
towers or spray ponds for cooling and returned to the factory for re-use in the 
condensers. 

88. Boiling Sugar to Grain. — ^In order to facilitate the description of pan- 
boiling, and to familiarize the chemist with factory terms, a few expressions 
used by sugar-boilers will be first given. These expressions differ somewhat in 
the cane, beet, and refining branches of the industry. Only those customary 
in cane-work will be given: 

The concentrated juice is called “ sirup ” or “ meladura,” the latter word is 
Spanish and is used by foreigners in Cuba and other parts of Spanish- America. 
The concentrated mass of crystals and molasses form the * massecuite,” or 
when boiled partly with sirup and partly with molasses, “ mixed massecuite,” 
and each boiling is called a ” strike.” When a portion of a strike is removed 
from the pan and the remainder is left as a footing or nucleus upon which to 
boil another strike, the portion so left is termed a “ cut.” There is some con- 
fusion in regard to the use of the word cut,” as many sugar-boilers use this 
word for the massecuite removed from the pan. The process is termed 
cutting.” 
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Where two or more pans are worked side by side they are often connected 
with one another by large pipes, with suitable valves, for drawing the masse- 
cuite from one to another* These are called “cut-over pipes.” 

In modem practice, when a grained strike reaches a certain stage, diluted 
molasses is drawn into the pan instead of sirup and it is said to be “ boiled in,” 
or “ boiled in on grain-sugar.” 

When the liquor in the pan has been concentrated to a certain density and 
is more or less saturated with sugar, it is said to have reached “ proof.” The 
proof may be “ strong ” or “ weak ” as the liquid is of greater or less density. 
This expression is still further modified, as will be explained in connection with 
the boiling of molasses-sugars. 

The process of boiling sugar is as follows: The pan is closed, the vacuum 
pump is started, and when the gauge shows a vacuum of 15 to 20 inches of mer- 
cury, the charge-valve is opened and suflficient sirup is drawn into the pan 
to cover several of the coils. Steam is turned into the coils that are covered 
with sirup and the sirup is rapidly concentrated to proof. The quantity of 
sirup used depends upon whether the boiler wishes “ to grain ” high or low in 
the pan. In making fine-grained sugar he will grain high, as he needs many 
crystals and comparatively little room for their growth; on the contrary, 
in making coarse-grained sugar he will grain low, and form few crystals. 

The procedure of graining in a calandria pan is much the same, the steam 
being turned on only in the calandria that is covered with sirup or massecuite, 
since it is evident that steam pressure may not be maintained in any heating 
smrface not covered with liquid without burning the adhering sugar. 

As the liquor boils down, the steam-valves of the upper coils are suc- 
cessively closed, and as it becomes more and more concentrated, the portions 
projected against the eyeglasses flow more and more slowly and the panman 
increases or decreases the quantity of water injected into the condenser until 
the liquor boils at the desired temperature. At this stage there are two 
methods of procedure: (1) The concentration is continued until the liquor is 
sufficiently supersaturated with sugar, as is indicated by a sample drawn by 
the proof-stick. The water of injection into the condenser is now increased 
and the steam-pressure on the coils reduced, thus cooling the boiling mass, 
increasing the degree of saturation, and forcing minute crystals of sugar to 
form. These manipulations vary somewhat according to the vacuum-pan 
itself and the quality of the sirup, but in general are as described. (2) The 
second method of graining is that usually employed in the United States. 
The concentration of the liquor is continued until crystals of sugar separate, 
and when the panman considers that there are sufficient crystals he raises the 
temperature of the pan and injects more sirup. The first method produces 
a sugar of more uniform grain than the second, since aU of the crystals required 
are formed at once. (3) A method introduced by Zitkowski in beet sugar 
work which has rapidly gained favor in refining and cane-factory sugar-boiling 
consists of boiling down to supersaturation as in method (1) and then ^ira^ng 
into the pan a small quantity (a pound or so) of sugar dust. ,Jt was believed 
at first that this dust formed the nucleus qf the grain formed by its introduQ* 
tion, but it is now agreed that it serves merely as a “ shock ” to thq 
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saturatod sugar solution and that the crystals are formed accordingly. A 
very regular grain results from this method properly employed. The use of a 
microscope of 60 diameters magnification is advocated for pan-boilers by 
technologists in the Hawaiian Islands. 

After the crystals are formed, sirup is drawn into the pan from tinne to time 
as the water evaporates. This charging of the pan with sirup, and judging 
just when to charge, requires much skill and practice on the part of the boiler 
in order to secure the best results. If he injects sirup when the yna-gw is too con- 
centrated, with the liquor surrounding the crystals too rich in sugar, fresh 
crystals will be formed and must be remelted. These crystals are termed 
** false grain,” and where formed at a late stage through carelessness of the 
sugar-boiler and are not removed, they impede or even prevent the curing of 
the sugar in the centrifugals. False grain may be formed by fiTifl-rgirtg the pan 
too freely with sirup, or by cooling the massecuite while the sirup suiroundimg 
the crystals is rich in sugar and of such density that it is supersaturated at a 
lower temperature. Also, if a sufficient number of crystals have not been 
formed when graining the strike, there is great risk of the formation of false 
grain, after the crystals have grown to large size. If the false grain is formed 
and not removed at this stage of the boiling, the sugar cannot be purged of 
molasses. False grain is gotten rid of by raising the temperature of the 
pan and drawing in additional sirup to melt the fine crystals. 

As already stated, as the water is evaporated, sirup is drawn into the pan 
from time to time until the strike is finished. The massecuite is kept very 
free, i,e,j of comparatively low density, until the crystals are large or the pan is 
about two-thirds filled. At this stage it is gradually boiled dryer and dryer 
until near the end of the operation, thus impoverishing the molasses surround- 
ing the crystals, and finally the massecuite is evaporated to an apparent degree 
Brix of about 93, and is then discharged from the pan. The massecuite should 
be as cold as possible at this stage. 

There are various methods of estimating the proper moment for striking 
the massecuite, -t.c., discharging it from the pan. This is usually determined 
by withdrawing a sample with the proof-stick and forming it into a conical 
heap upon the thumb with the finger. The consistency of this massecuite, 
as shown by its appearance, rate of flattening, etc., are noted by the sugar- 
boiler, and a practiced man can in this way judge within narrow limits when to 
drop the strike. A refractometer, directly, attached to the pan, is used in 
Europe to determine the correct time to discharge the pan, as well as to regu- 
late the intake of sirup during the boiling process. This procedure has not yet 
been adopted on this side of the water. 

During the boiling, care must be observed after each charge of drup to con- 
centrate the mass sufficiently to force the sugar to deposit itself upon the crys- 
tals already present and not to form new ones. Unnecessary concentration 
causes a waste of time and steam. 

A method of ‘charging a pan with sirup, employed with many vacuum- 
pans, but not applicable with all, is by means of a set feed.” After the for- 
mation of the grain the charge-valve is opened and so adjusted that the flow 
of sirup into the pan Just compensates for the evaporation. The opening 
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of the valve is adjusted from time to time as the concentration varies, with 
variations in the steam-pressure, the density of the sirup, etc. This method of 
charging, with the first method of graining, produces a very uniform quality of 
sugar, and a good yield from the massecuite. An irregular grain, with many 
minute crystals, from false grain that has not been melted, results in^ a low 
yield of sugar from the massecuite. 

In boiling a massecuite so as to obtain the maximum yield of sugar from it, 
the full number of crystals required should be formed at graining, and the 
crystals should be of moderate and very regular size. Of course, false grain at 
any stage of the operation must be avoided. The formation of too few crystals 
results in rich molasses, since there is not sufficient crystal-surface to take up 
the sugar, and besides increases the risk of the formation of false grain. When 
boiling a strike on a very small nucleus of massecuite or on a small cut, there 
is also risk of false grain or of a partially exhausted molasses. 

The temperature to be maintained in the massecuite during boiling varies 
with the desired grade of sugar, whether hard or soft, white or raw. American 
practice also differs somewhat from that of Java in respect to temperatures. 
The Java superintendent prefers relatively low temperatures. As will be 
noted in the chapter on sugar-refining, page 177, hard sugars are boiled as high 
as 180° F. in the American refiLneries, with no inversion. Somewhat lower 
temperatures are customary in the white-sugar factories of Louisiana. 

High-test raw sugars should be grained at temperatures approximating 
160° F., and the high temperature should be continued until the grain is well 
developed. The temperature may be lowered in the latter part of the strike 
to promote reduction of the purity of the molasses surrounding the crystals. 
Masseeuites that are to be further crystallized either in motion (crystallizer 
massecuite) or at rest in tanks should be boiled at as low temperature as pos- 
sible. By keeping the temperature low (160° or lower) foaming and swelling 
of the massecuite in the crystallizers are reduced to a minimum. 

89. Methods of Sugar Boiling, — Since the last edition of this book was 
written the progressive sugar countries have seen the complete adoption of 
those radical changes in sugar-boiling methods and the handling of masse- 
cuites which were described as in the transition stage at that time. ^ These 
improvements include: (1) the production of one grade of raw sugar only; 

(2) the almost universal use of “ seed grain ” in the higher test masseeuites; 

(3) the adoption of crystallization-in-motion machinery and (4) the discon- 
tinuance of string-proof ” boiling and the use of the “ hot-room.” 

The disappearance of “ molasses ” sugars from the market (Sec. 167) and 
the production of “ centrifugal ” sugar only has been attended also by a steady 
increase in the test of the raw produced. Where 96° polarization was the aim 

^ Dr. Spencer was largely responsible for the development of these improve- 
ments, particularly in Cuba and Porto Rico. He introduced the use of seed made 
from grain strikes; also the double-purge method of purifying this seed; he was 
the first to make a single high-grade product of uniform composition, and the boil- 
ing methods originated by him were so practicable that they spread rapidly, result- 
ing in the fulfillment of his prediction made in 1910 that ** within a few yesars the 
string sugars will almost cease to be produoed*7 (G* T* M.) 
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fifteen years ago, 96.5® to 97.0® is common in Cuba today, while the Hawaiian 
Islands are regularly producing raws of 97.5 to 98.0. Pan-boiling systems have 
been modified so as to give these higher polarizations, and the various methodsj 
to be described here should be judged from several viewpoints; (1) the refining 
quality of the sugar produced; (2) its keeping quality; (3) the purity of the 
final molasses; (4) the amount of re-boiling required (cubic feet of massecuite 
per 100 pounds sugar produced) and (5) the flexibility and simplicity of the 
system as a factory operation. 

Pan Room Definitions . — ^Raw sugar manufacturers often designate their 
strikes by the letters A,” “ B,” “ C,” etc., or number them to distinguish 
the grade of massecuite and not the pans themselves. Lettering of masse- 
cuites is used as a designation more often in Hawaii and Java; numbering in 
Cuba. In refinery work, the pans are lettered and the same pan is usually 
employed for the same grade of sugar because of its proximity to a certain 
mixer and set of centrifugals, but this is not so generally true in a factory. 

With the complications introduced into pan practice by boiling-in molasses 
many find it simpler to designate massecuites by names rather than numbers. 
Where the first strike is boiled with pure cane-sirups, the second with first 
molasses, the third with second molasses, etc., the strikes may be numbered 
“ first,” “ second,” and third,” but where all the pans are boiled in part 
with molasses there is some confusion in the nomenclature. The various 
names and numbers used will be given in describing the different methods of 
pan-boiling. 

The boiling-back of molasses has been practiced in Louisiana for nearly 
fifty years, especially in making grocery-sugars. The mixed massecuite was 
often termed grain seconds.” With the advent of crystallizers the present 
methods of boiling were developed simultaneously in Louisiana, Cuba, and 
Java. The work in the East Indies was apparently based entirely upon 
European methods, and that in Cuba upon Louisiana and beet-sugar methods. 

In describing the different pan-boiling systems it will be understood that 
purities given are average figures only which will vary through fairly wide 
ranges depending upon the purity of the original sirup, the equipment of the 
factory and other considerations. The purities of the various massecuites are 
generally arranged with a view to giving a fixed pui'ity to the molasses that 
goes to make up the bulk of the crystallizer massecuite. A purity of 52® is a 
convenient number for this molasses. 

The purity to be given the final or crystallizer massecuite depends upon 
several factors, viz., vacuum-pan capacity, crystallizer and centrifugal capacity 
and the desired exhaustion of the final molasses. The lower the purity of this 
massecuite the longer is the time required in boiling the strike. A very low 
purity massecuite must remain a long enough time in the crystallizers in order 
to reduce its viscosity by crystallization of the sugar and promote rapid purg- 
ing. Wl^ere molasses is sold upon a basis of a certain sugar content, this also 
must be considered in fixing the purity of the second massecuite. For obtain- 
ing fibaal molasses of apparent purities below 30®, early in the season in the 
Tropics, and from 30® to 35® when the cane is ripe and of high purity, the mas- 
secuite should be reduced to below 60® piiritV- Where the pan, crystallizer 
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and centrifugal capacities are large, the purity may be reduced to 66° or even 
lower with correspondingly lower final molasses purity. 

The first and second massecuites may be purged immediately after leaving 
the vacuum-pan, and should produce the same grade of sugar and molasses of 
widely different purities. The second or crystallizer massecuite is purged 
after remaining three or four days in the crystallizers. This massecuite yields 
a sugar that was formerly sold as seconds but is now converted into sugar 
nearly equal to the firsts by double purging. 

It should be noted that in boiling-in molasses this should be accomplished 
after no moire sirup is required by the strike. The molasses must be free of 
sugar-crystals and should be warmer than the massecuite in the pan. It 
should be reduced to a density of about 64° Brix, at pan temperature. 

Massecuites Boiled with “ Seed.'^ — Grain, mingled into a magma with some 
convenient vehicle such as sirup or molasses, upon which to build other grain is 
popularly called “ seed.’* Its use is general no matter what system of boiling 
is employed. The evolution of this practice is typical of the efforts that 
are being constantly put forth in modem sugar-making to produce a raw of 
better quality. The earliest form of the method was in Java and the Hawaiian 
Islands where the strike was started upon a footing of magma formed of string- 
sugar naingled with sirup. A sugar of good grain and test may be made in this 
way, and the factory may produce a single grade of product without remelting 
the string-sugar, but the objectionable feature is that tlxe nucleus of the raw 
sugar crystal (the string-sugar) is of low test, and sugar so made will not give 
a high purity ** washed-sugar ” in the afl&nation process of the refinery 
(Sec. 168). 

The next modification (introduced by Dr. Spencer in Cuba), differed only 
in the source of the seed. The grain-sugar obtained from the crystallizer 
strikes was mingled with first or second molasses to form a magma and this 
was used as a footing for starting first massecuites or mixed strikes. It was 
soon recognized that the use of molasses for mingling the seed introduced color 
and impurities into the higher massecuites, hence sirup is now used for min- 
gling. Another advance (also introduced by Spencer) is the '' double-purging ” 
of the sugar used for seed. The sugar purged from crystallizer strikes is min- 
gled with a low-purity molasses and sent to a separate set of centrifugals where 
it is repurged, washed and then mingled with sirup (meladura) for use as seed in 
high-grade strikes (see Sec. 136). Seed sugar, repurged in this way, is prac- 
tically of the same test as the grain which builds upon it so that the resulting 
raw is uniform throughout its crystal structure. Magma for seed is stored in 
a (uystallizer in motion and is always available without loss of time and in this 
respect is preferable to cutting massecuite from another pan. 

Two-massecuite Method . — ^A fiow diagram of this method is shown in Fig. 30. 
All the massecuites from which commercial raw sugar is to be produced are 
reduced to the same purity (from 70 to 74°) with molasses from previous strikes 
so as to give a second molasses of about 62° or lower, which is lulled back into 
a massecuite of 56° formed on grain made from sirup^ This xnassepuite gpes 
to crystallizers (as do all final massecuites in mp^^rn practiceli where it remains 
several days, after which it is sep^ated into apgar and, final jcqola^s in' the 



METHODS OF SUGAR BOILING 


centrifugals. The sugar from the crystallizer strikes is mingled with molasses 
and taken back for seed into the commercial sugar strikes. 

The two-boiling method has only the advantage of simplicity to commend 
it. The disadvantages are that all the output of sugar is from relatively low 
test massecuite, with a detrimental effect on refimng and keeping quality; 
also, due to reboiling of so much molasses, about 16 to 20 per cent more masse- 
cuite per 100 pounds sugar produced must be boiled, putting that much extra 
work on pans, crystallizers, and centiifugals, with increased fuel consumption. 
For these reasons the method has been entirely discontinued in Hawaii, where 
it was formerly very general, and is in use in only a few factories in Cuba. 



Three-massecuite Method . — ^This is the method used (Fig. 31), with various 
modifications, by most of the Cuban houses. A first massecuite is boiled from 
sirup and first molasses to a purity of 80—83; a second massecuite, frequently 
called a “ mixed massecuite,^' is boiled from sirup and first molasses to about 
70 or 72 purity; and a third massecuite, known as “ second " or “ crystallizer ” 
massecuite (where the term “ mixed ” is used for the second boiling), is made 
at about 56® purity. In actual practice the first massecuite is generally boiled 
on seed grain from the crystallizer strikes, mingled with sirup; while the 
“ mixed " strikes are boiled on seed mingled with first molasses, or on a footing 
from a cut from a fiirst massecuite. The crystallizer noassecuites are usually 
started on a footing cut over from a first massecuite pan. 

The sugar from the first and second massecuites are purged immediately 
after leaving the vacuum-pan and should produce the same grade of sugar. 
It may be necessary to wash the sugar from the second (mixed) massecuite to 
accomplish this* The crystallizer massecuite is purged after remaining in the 
crysta]-Hz^ t^6e or fonir end yields final molasses and a sugar which is 
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used for seed. This sugar may be mingled with molasses, repurged and 
washed to give a sugar practically equal to the first sugars, in which form it 
may be used as seed or sold directly, though the latter is not frequently done. 

The three-massecuite method, when double-purged crystallizer sugar 
mmglft d with sirup is used for seed, is subject to one criticism only. If the 
purity of the original sirup is above the desired purity of the first masse- 
cuite, the amount of first molasses used to reduce the massecuite purity entails 
just that much extra boiling, which may amount to from 5 per cent to 8 per 
cent of extra pan- and centrifugal-work. With high sirup purities (86® to 88®), 
such as are met with in tropical practice, this is generally the case. Where 
double-pmging is not used, or where molasses instead of sirup is used for min- 



gling the seed, the objections already referred to are valid; viz., that impuri- 
ties from the low-g];ade strikes are introduced into the high-grade strikes. 

Faur-massecuite Method , — ^This is shown diagrammatically in Fig. 82 and 
consists of using the “ natural drop ” in purities without boiling any lower- 
purity molasses back into higher strikes. (This principle of never reversing 
the downward tendency of the stream of impurities has been the basis of 
refinery and beet-house boiling systems for many years.) The first strike is 
started on seed mingled with sirup and completed with sirup only; the second 
and third strikes are started on similar seed and then take in all the molasses 
of the preceding strike, while the crystallizer strikes are all boiled on a footing 
of sirup hoiled to grain (not from seed). The figures as shown in the diagram 
are for an original sirup purity of 86®, but it is evident that with a change in 
this purity the other purities will change according, the only predetermined 
purity being that of the crystallizer strike which is neM at approximately 56®. 
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If the sirup purity approximates 80® or lower, three boilings only are needed to 
reduce the molasses sufficiently and the system becomes identical with the 
three-boiling method. With unusually high sirup purities (say 90® or above) 
five boilings may be necessary to accomplish the reduction of the molasses 
to the proper degree. 

The four-massecuite method with double purging of crystallizer sugars for 
seed was developed in Cuba by Wm. B. Saladin, General Superintendent of 
the Cuban-American Sugar Co. The resulting sugars are of even composition, 
and polarize 96.5 to 97.0 without resorting to washing (except for sugars 
from third massecuites which require a quart or so of water per charge). The 
system gives a Tnimnfinm of reboiling, cubic feet of massecuite per 100 pounds 
sugar produced being lower than for any of the other systems of boiling. The 
separation of three grades of molasses causes no great difficulty in actual 
nractice. 

Graining Cryatallizer Strikes on Undiluted Molasses . — ^Walter E. Smith in 
Hawaii has devised a direct method of graining low-grade strikes for crystallizer 
work that is described by H. S. Walker ® as follows: 

A small portion of molasses of 66-68 purity is pumped to a separate 
tank without dilution or steaming, and reserved for seed. This undiluted 
molasses is full of microscopic crystals formed mostly by the shock and the 
cooling as it is thrown ofi from the sugar in the centrifugals. The balance of 
the molasses is blown up with steam and diluted as usual. In starting grain 
enough diluted molasses is drawn in to cover the calandria of the pan, this is 
concentrated a very little so as not to dissolve the grain to be introduced, but is 
not concentrated to its own graining point. Undiluted molasses containing 
‘ natural grain ’ is then drawn in, a very little at a time, until sufficient grain 
can be seen. The amount of grain required is soon learned by experience. A 
low-power microscope (60 magnification) is very useful in observing the appear- 
ance of the low-grade massecuite at this point. 

“After sufficient grain has been taken in, boiling is continued with diluted 
molasses as usual until the pan is fuU. It is then generally necessary to cut 
either to another pan or to a special tank alongside the pan, making two or 
three strikes from one graming, in order to build up finished massecuites with 
grains of 0.3 to 0.5 mm. average length. Without cutting, the grain formed 
by this method is apt to be too small and dries slowly. 

This method of graining low-grade molasses requires a little practice, but 
is well liked by pan men after they have once mastered it. It has the advan- 
tage over graining on sirup that the purity of the low-grade massecuites 
is not increased and is a closer approach to straight boiling.” 

This method of graining has never been used in Cuba. It is doubtful 
whether it would produce as free purging crystallizer strikes as the Cuban 
method and it would certainly not give as high purity a sugar for seed as boiling 
on grain made from sirup. 

Boiling to * ^ String-proof J ’ — ^This practice has entirely disappeared from 
modern factories which are always equipped with crystallizers. The method 
is variously termed boiling to “string-proof,” “smooth;” “blank,” etc., the 

* The Planter. 80 (1928), No. 117. 



CRYSTALLIZATION IN MOTION 


97 


molasses so boiled generally being 58 to 60 purity. Carbonate of soda is fre- 
quently drawn into the pan with the molasses and apparently with advantage. 
The soda is preferable to lime. 

In boiling molasses to string-proof, it is simply drawn into the pan and 
boiled down to the proper density. The determination of this density, by the 
usual tests of a sample drawn to a “ string ” between the hnger and thumb, is a 
matter requiring much judgment and experience. The required proof varies 
with the purity of the molasses and the kind of containers used in crystallizing 
the sugar. In this crystallization at rest, as distinguished from the modem 
process of crystallization in motion, the crystals formed dowly settle to the 
bottom of the car or tank, gaining slowly in size, never becoming large. Such 
sugars range in polarization from 80® to 90°, varsdng in test with the quality 
of the molasses and the skill displayed in the pan-boiling. A suitable density 
for the massecuite is approximately 89® to 90® apparent Brix. 

90. Crystallization in Motion. — ^This process was first used in the European 
beet-industry. Cane-sugar manufacturers were slow in abandoning string- 
sugar methods, and when crystalHzera were first introduced the strikes were 
boiled blank and run into them. As the name implies, this process consists 
essentially in keeping the crystals of a massecuite in motion while completing 
the crystallization. The best results are therefore obtained in pushing the 
crystallization so far as is practicable in the vacuum-pan and completing it in 
the crystallizer. 

A theory of the process® that conforms with general experience with 
cane-sugar is as follows: If the crystals of a massecuite be kept constantly in 
motion and be brought intimately in contact with the sugar still m solution, this 
' sugar wiU deposit upon the crystals already present rather than form new ones, 
provided there is no sudden reduction of temperature to increase the super- 
saturation. Manifestly it is impossible to produce a stirring device that wiU 
move each crystal independently, in the heavy viscous massecuite, to entirely 
new environment, so that it may be brought into contact with fresh portions 
of the sugar in supersaturated solution. Further, there is little possible free- 
dom of motion for a crystal in a dense massecuite, since the film of molasses 
separating it from its neighbors is but a few thousandths of an inch in thick- 
ness. The crystal gradually takes on the sugar in its own immediate neigh- 
borhood, reducing the density and viscosity of the molasses surrounding it, and 
in its increase of size it approaches nearer a fresh source of sugar. Great 
inequality of density cannot long exist, since the stronger solutions near by 
must mix with the weakened solution by diffusion. The motion of the stirrers 
of the crystallizer, by rooking the crystals, promotes this diffusion and a 
uniform fall of temperature in the massecuite. With the fall of temperature, 
the saturation of the solution resulting from the growth of the crystals is 
changed to supersaturation and crystallization continues. A point is finally 
reached when the crystal size ceases to increase. This is due to the viscosity 
of the medium and not to lack of a supersaturated solution of sugar. When 
this point is reached, the massecuite should be diluted with water or if preferred 

^ ® **C/xt^ftallization of sugar in after-product massecuites,” H. Classen, Int. Sug. J., 

14, 2^. 



98 


CRYSTALLIZATION OF THE SUGAR 


with dilute molasses. DiHusion is again possible and the crystallization again 
progresses. The dilution must be repeated from time to time for the best 
results. Water is preferable to molasses as a diluent since it does not add 
sohds to to xnassecuite. 

It was formerly considered advisable to boil massecuites for crystallizer 
work to very high density and then reduce the viscosity in the crystallizer 
with water as described above. Experience has shown that equally good or 
better reduction of molasses purities is obtained by boiling to moderate den- 
sities and not resorting to dilution in the crystallizer. Ninety-three to 93.5 
apparent Brix for a 56** xnassecuite is good practice. 

The method of boiling massecuites for crystallizers as described under 
“ methods of sugar-boiling ” are almost universal. Obsolete methods, now 
rarely resorted to, are (1) A grain strike is boiled as is usual and a part of it is 
discharged from the pan; hot molasses of about 90® Brix is drawn into the pan 
and is mixed with the xnassecuite remaining by boiling. When the mixing is 
completed the strike is discharged into a crystallizer. (2) A strike of mixed 
massectdte is discharged into a crystallizer and mixed with a string-strike of 
higher temperature and moderate dexisity that is flowing from an adjacent pan. 
(3) A magma of molasses and string-sugar is drawn into the pan and heavy 
molasses is mixed with it as in the flmt method. 

There is always great danger in these methods of forming false grain. There is 
difQculty in mixing the molasses with themassecuiteor magma in these processes. 

Among the advantages of crystallization in motion over the older methods, 
are a saving of labor and floor space, cleanliness, the production of grain-sugars 
and the ability promptly to liquidate the factoryatthe close of the manufactur- 
ing season. No xnassecuite need be carried forward to the next season, thus 
avoiding loss by fermentation. 

91. Laboratory Control of Crystallization in Motion. — ^The apparent Brix 
and the purity coefficient of the massecuite should be determined to control the 
dexLsity of the xxxassecuite and the admixture of molasses. A sample of the 
naassecuite should be purged in the laboratory apparatus immediately after 
leaving the pan. The molasses from this should be tested for purity. The 
immediate molasses from a sample of massecuite of 60® purity in the Tropics 
should have a purity below 40®. A fall of at least 20® from massecuite to 
molasses may be expected. The further fall in purity to final molasses 
depends upon the condition of the cane, and will be less in the Tropics than in 
Louisiana. The Louisiana cane never xxxatures and therefore the initial purity 
of the juice is never as high as in the Tropics. The total fall in purity 
in the Tropics is from 66® to 60® and in Louisiana from 60® to 66®. A final 
apparent purity number of 26® may be expected early in the tropical season 
while the cane is imxnature. 

92. Crystallizers. — ^The usual eryatallizers are of three types, the third of 
which is now little used in cane-sugar works: (1) Closed crystallizers. This 
is a horizontal cylindrical vessel fitted with a powerful spiral stirrer. A water- 
jacket for control of temperature was provided with the origiiwl Bock crys- 
tallizers. These jackets are now little used in cane-sugt^ jfS'Ctories. (2) 
Open crystallizers. These are simply open tanks of half-cylinder crossr 
section, fitted with stirrers as in the closed type. (3) Vacuum crystallizers. 
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These are closed crystallizers provided with vacuum-connections and a steam<- 
jacket at the bottom. This crystallizer is in fact a slow-boiling vacuum-pan 
with forced circulation of the massecuite. 

The large extension of present-day factories has led to the discharge of the 
massecuite from the pans into the crystallizers through pipe-lines. Moderate 
air-pressure is applied in the pans to force the massecuite through the pipes. 
The pipe-lines should have an internal diameter of not less than 14 inches, 
especially if the crystallizers are located far from the pans. 

Crystallizers are used to some extent for the storage of first and mixed 
massecuites pending an opportunity to purge them. From the point of view of 
the crystallization, it is not general practice to use crystallizers at this stage to 
further exhaust the molasses, but with the advent of the newer forms of crys- 
tallizers described in the paragraphs following it may be found that rapid 
cooling of the higher-grade massecuites with cooling-coils will give such a rapid 



KUhy Mfg, Co. 

Fig, 33. — La Feuille Rotary Crystallizer. 


exhaustion of molasses as to eliminate one or two boilings in the boiling systems 
already described. 

Crystallizers with Cooling Coils . — ^During the last few years crystallizers 
with cooling coils in them have been developed. There are two forms of these 
crystallizers, one with stationary coils and the other with rotating coils. 
Water is circulated through the coils permitting graduated and rapid cooling 
and consequently more rapid and complete exhaustion of the molasses. 
Reports ^ show that molasses of three or four degrees lower purity can be 
secured in about half the time with the crystallizers equipped with cooling 
coils as compared with the ordinary type. The best practice is to cool the 
massecuite to 90-95® F. and then warm it up by circulating hot water in 
the coils to 120® just before sending it to the centrifugals. There is no doubt 
that the use of this new form of crystallizer will spread rapidly. 

“ La FeuiUe ” Rotary Crystallizer . — ^This is a recent improved form of crys- 
tallizer consisting of a rotating shell (Fig. 33), containing cooling tubes. The 

* Keller. Proc. 2d Conf. Int. Soc, Sugar Cane Tech., Havana, 1927. 
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driving arraagenient is a worm drive and pinion which acts on a gear ring 
mounted on the shell. The cooling surface consists of 2-inch tubes extending 
the full length of the crystallizer parallel to the axis of rotation divided into 
two or four coils airanged to make the temperature uniform all through the 
massecuite. The filling and emptying is done through suitable shear gate 
valves, the crystallizer being stopped for this purpose. 

Extensive comparisons made in Java by Honig and Alewyn show the 
“ La FeuiUe ” to be about six times as effective as a standard type crystallizer 
without cooling coils. The accompanying diagram gives the results of some 
of these comparisons. 
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With these newer type crystallizers the possibility suggested above of 
eliminating at least one massecuite boiling in the cane-house presents itself, 
because of the greater drop in molasses purity obtainable from a single boiling. 

93. Solidified Molasses. — ^This product seems to be produced only in Java 
and for shipment to British India for arrack manufacture. 

The manufacture of solidified molasses requires no special apparatus. 
Molasses is first “ blown-up ” with steam and skimmed and is then simply 
evaporated to dryness in an ordinary vacuum-pan operating with a very high 
vacuum. Serious frothing is liable to occur. The proof-stick samples are 
tested by cooling in water. The cooled sample should have the characteristics 
described below. The dried molasses, a molten mass, is run into closely woven 
baskets while it is very hot and solidifies on cooling. The tops of the baskets 
are covered with burlap for shipment. 

The vacuum-pun)^ should be operated for a short time after shutting off 
the steam from the pan to partially cool the molasses. Cooling by the circula- 
tion of water thro^h ,the coils is also practiced. Gases are prqduced by de- 
composition, thereitore tlie pupap should not be stopped„un^ ready po break 
the vacuum. 
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The usual commercial specifications for this product are as follows: (1) 
The solid molasses shall break with a clean fracture; (2) it sink in water; 
(3) it shall be too hard to indent with the finger nail. 

J. J. Hazewinkel ® examined solidified molasses to determine whether loss of 
dry substance occurs during the manufacture. He analyzed the molasses 
before and after drying, and calculated the results to a basis of the ash content 
of the original material, assuming it to be a constant. His conclusions were as 
follows: (1) There is considerable loss of dry substance. (2) The extent of the 
decomposition is dependent upon the temperature. (3) The reducing sugars 
in part pass over to organic non-sugar. (4) It is possible that to some extent 
loss of dry substance is due to decomposition of both reducing-sugar and 
organic non-sugar. (5) About equal parts of dextrose and levulose are decom- 
posed. In view of the proportions of dextrose and levulose it is probable that 
polymerization of dextrose to levulose takes place during the long heating. 

94 . Froth “ Fermentation.” — ^When massecuites are boiled at high tem- 
peratures they often foam and run over the sides of the containers. The foam- 
ing may begin immediately or some hours after striking. This phenomenon is 
termed “ fermentation '' or “ froth fermentation.” It is only in recent years 
that we have a fairly definite knowledge of the cause of the foam. It is 
not due to fermentation, that is, to bacterial activity, but to the decompo- 
sition of certain salts. 

Herzfeld ® states that Eraisy has recently shown that Lafar's results on the 
reaction of the invert-sugar with amino acids, s.gf., glutanic acid, splitting off 
carboiuc dioxide, is the caqse of foaming. Massecuites (sugar-beet) foam 
suddenly when a temperature of about 66° C. (149° F.) is reached. Kraisy 
explains the phenomenon by the carbon dioxide remaining in supersaturated 
solution until the formation of sugar crystals catalyzes its liberation. The vis- 
cosity of the massecuite results in foam. Herzfeld also states, always referring 
to the beet industry, that foaming is rare since the introduction of phenol- 
phthalein for rosalic acid in alkalinity tests. Lime will stop the foaming. 

The usual method of stopping foaming in a cane-sugar factory is to pour 
water upon the surface of the massecuite. This reduces the viscosity and 
facilitates the escape of the gas. Cane massecuites that have not been heated 
above 156° F. do not usually foam. A crystallizer should always have provi- 
sion for escape of the gases or preferably should be uncovered except while disr- 
charging by air-pressure. The same conditions as those observed in beet 
sugar manufacture are probably the cause of foaming in cane massecuites. 
J. A. Ambler^ states that the action of amino-acids on glucose forms 002, 
melanoidins and other substances, the melanoidins promoting frothing by 
lowering the surface tension. Ambler suggests the need of further funda- 
mental research on this problem and its bearing on sugar manufacture. 

»AjcWef, 1912, 20, 181. 

^ Zeit. Ver. Zuckerind., 64 , 643. 

^Before the American Chemical Society, Swampscott, Mass.; Abstract Facts 
About Sugar, Sept. 29, 1928. 
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96. General Considerations.— At the low pressures used in sugar house 
work the tables based on R^n&ult’s formula 

H = 1091.7 + 0.305 (T - 32) B.t.u., 
or 

605.4 + 0.305 T calories, 

are too inaccurate for use. Only tables such as Table A, page 127, ^ould be 
used. 

96. Boiling Point of Sugar Solutions. — ^It is usual to assume that the tem< 
perature at which any portion of a given mass of water will boil is that corre- 
landing to the pressure on the surface of the entire liquid mass. In sugar 
solutions this assumption leads to serious inaccurades as the temperature of 
boiling of a portion of a mass of sugar solution will depend upon its density, its 
viscosity and the absolute pressure on the surface of the portion considered. 
This pressure vrill be that on the surface of the entire mass increased by the 
pressure due to the depth of the portion contidered below the liquid’s surface. 

The variation in t^ boiling-point of sugar solutions with density is indi- 
cated in Fluoreno’s table, page 433. In general, the variation is as in the 
follovring table: 


Degree Brix 

HI 

Bl 

40 

50 

60 

. . , f Degree Fahrenheit. . . 

. 1 Degree Centigrade. . . 



2.7 

3.6 

5.4 

IB 

H 

1.6 

2.0 

3.0 


The boiling point of sugar solutions is also influenced by their parity. 

97. Effect of Viscosity.— In the raw juice we sometimes have gums, mucil- 
ages and other compounds which increase the viscosity of the fluid. As any- 
thing which impedes the escape of the steam bubble from the heating surface 
tends to produce a local rise of temperature, it is easy to see that gummy 
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sirups 'will h&Te a hitler temperature of boiliog than pure sugafsolutioiis. The 
difference is uncertain. 

98. Variation with. Deptii Below I3ie Suxface. — ^At the low pressure used in 
sugar house work small differences in pressure produce far larger temperature 
differences than under high pressures. For example: What will be the tem- 
perature at which a small portion of sirup of 50.6® Brix will boil if it is under a 
head of 2 feet of solid (no bubbles) sirup in the third effect if the vacuum is 
26 inches? 

A head of 2 feet of sirup of specific gravity 1.236 (50.6®) will change the 
pressure of 2 pounds per square inch, corresponding to 26 inches of vacuum, 
to 3.4 pounds per square inch. At 26 inches vacuum, water boils at 125.5® F.; 
\mder 3.4 pounds per square inch, or 23.8 inches of vacuum, it boils at 141.8® F. 
Add for density 4° F. and we have a temperature of 145.8® F. required to pro- 
duce boiling in the sugar solution, without considering at all the effects of vis- 
cosity. 

As transfer of heat from the heating to the heated liquid depends upon dif- 
ference of temperature, we see that in this case there is a loss of 145.8 — 125 ~ 
20.3® F., difference in temperature as compared to a smular condition in the 
case of water. We*shall call these lost degrees in Umperature and later will dis- 
cuss their effect. 

99. Specific Heat of Sugar Solutions. — ^The relation between the density of 
a sugar solution and its specific heat is expressed by the equation of a straight 
line and hence intermediate values to those below may be readily found: 


Degree Brix of solu- 
tion 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Specific heat, C. . . . 

.93 

.86 

.79 

.72 

.65 

.58 

.51 

.44 

.37 


Water has the highest specific heat of any ordinary liquid, hence the less 
water in a liquid mixture the less the specific heat. 

100. Heat of the Liquid. — ^To raise W pounds of a sugar solution whose 
specific heat is C, from a mean temperature, fi, to a mean temperature, U, 
requires 

WC{U — y B.t.u. 


Thus, to raise 10 pounds of sirup at 60° Brix from a mean temperature, 
160° F., to a mean temperature, 180° F., would require 10 X .58(180 — 160) 
= 116 B.t.u. 

101. To Heat Sugar Solutions and Evaporate Water. — ^The temperature of 
the vapor rising from a boiling sugar solution will be the same as that from 
pure boiling water under the same pressure. When the superheated bubble 
reaches the surface of a boiling sirup it loses all excess heat and temperature 
in vaporizing its watery en^ope. 

To raise Wx pounds of juice from a mean temperature, ^i, to a mean tern- 
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perature, h and evaporate TVa pounds of water at a temperature, Uy correspond- 
ing to the pressure at the surface, requires WiC(h — ii) + TVaZ/s, where Lt is 
the latent heat of water corresponding to 

In cases where is greater than h the quantity WiC(t 2 — h) is negative 
and must be subtracted. 

102. Condensate. — ^In condensing steam in evaporators in sugar work, it 
is usual to assume that the condensate is removed at its boiling point. If 
taken to another place of less pressure and lower boiling point it wiU tend to 
self-evaporation and will give up a number of thermal units equal to the loss in 
temperature in the condensate multiplied by its weight. Thus, if W pound of 
steam is condensed at tu it will give up WLi thermal units in its own vessel 
and if the condensate is led to another vessel, where steam is condensing at a 
lower temperature, Uj it will there give up W(fi — U) B.t.u. 

103. Amoimt of Liquid to be Heated. — ^The amount of normal cane juice 
must be increased by the amount of maceration water, milk of lime, wash- 
waters, and the water used in diluting the defecator-bottoms (mud or cachaza). 
There is a removal of water by evaporation in the various tanks and with the 
filter-press cake. In careful experiments, it is usual to calculate the weight of 
the purified jinoe to be evaporated or heated from that of the raw juice, taking 
into consideration the dilution as indicated by the densities. The dilution of 
the juice varies with the milling methods and the manufacture; also, with the 
equipment of the factory. The total weight of liquid to be heated or concen- 
trated usually ranges from about 90 to 110 per cent of the weight of the cane. 
The mean evaporation in the multiple effect in tropical factories approximates 
78 per cent by weight. 

104. Heat Losses. — ^Heat is not only lost from the heating vessel itself by 
radiation but is lost from the pipes conveying heated liquid. Steam con- 
denses in steam-pipes even when idle. The loss of heat is not negligible when 
the heating or evaporating is carelessly conducted. 

105. Coefildent of Heat Transfer (K )> — ^The unit of heat transfer, called 
the Specific Thermal Conductivity, is the number of thermal units transferred 
per hour from the steam through the heating surface to the sugar solution 
for each degree difference of temperature, Fahrenheit, between the steam and 
the solution for each square foot of heating surface. 

The formulas for heat transfer are simple, but they all involve this unit 
which may have any value between 1600 B.t.u. and 60 B.t.u. per hour. Experi- 
ence and judgment are required to select a proper value. Some of the variables 
effecting the value of this unit are: 

(1) The velocity of the steam past the heating surface; 

(2) The vdooity of the sugar solution past the heating surface; 

(3) The presence of air or other incondensable gases; 

(4) The charaeter mi thickness of the deposits on either or both sides of 
the heating surfaces; 

(6) The suiface pressure and the depth, dendty and composition of the 
sugsu solution being boiled. ,In certain experiments the heatmg surfaces were 
thoroughly cleaned. In three hours of use tbdr hea^ transto 
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dropped 50 per cent, tlietL f citisiined constant Ibr a inimber of hours and th^ 
slowly decreased. 

(6) The temperature of the steam and the rate of boiling. 

The transfer of heat is the transfer of vibration and an 3 rthing deadening 
the vibration results in loss. Steam molecules which have struck the surface 
and lowered their vibration rate should be swept aside to allow the impact 
of new molec\]les. On the sugar solution side of the heating surface, steam 
bubbles must be moved or swept away from the heating surface, as steam is a 
poor heat conductor. There is no longer any doubt as to the existence and 
enormous importance of surface films of gases, where the heating fluid is a gas, 
or of a vapor having air-containing films, as in condensers or effects, which 
magnify incalculably the resistance to the transfer of heat through the metal 
plate. 

High cmrent velocity then is desirable on both ades of the heating surface. 
To secure high steam velocity the cross-section of the steam current at right 
angles to its path should decrease as rapidly as the volume of the steam is 
decreased by condensation. 

Economy is increased by securing a positive fluid circulation in a prede- 
termined path. In the ordinary standard effect there is no definite path of 
either the steam or the juice. The juice circulation is erratic. In some spots 
the transfer of heat is high, with a tendency to cause the juice to spout into the 
steam space, but the largest part of the heating surface is not used eflBciently. 
In the steam heating space there are large volumes in which the incondensable 
gases accumulate and lower the efficiency by blanketing the heating surfaces. 
As the steam is eddying with cyclonic velocity these volumes are constantly 
changing position. Eddy currents indicate inefficiency. 

When exhaust steam is used for heating purposes, it is liable to contain 
much oil from the engines. The presence of this oil and of scale, arising from 
the Hme used in the defecation, impede the transfer of heat. When turbines 
are used there is no oil in the exhaust. 

As the metal used to separate the heated and heating fluids is generally 
either copper or brass and quite thin, the coefficient of heat transfer is not 
affected appreciably by its thickness. 

106. ]^aporation of the Juice and Crystallization of the Sugar. — Sugar 
juices are evaporated to the saturation or crystallization point in two distinct 
stages. The first operation is practically continuous while the second involves 
a cycle of operations repeated several times daily. If a unit of 10 cubic feet of 
juice of about 12.6® Brix is sent to a series of vessels called a multiple effect, 
it will be evaporated therein to about 2 cubic feet. This thickened juice is 
called sirup and its density is about 53® Brix. It is, pumped from the multiple 
effect and is stored in tanks, preparatory to the next operation. In the second 
stage our unit of two cubic feet of sirup will be drawn into a vacuum pan and 
evaporated to about 1 cubic foot of massecuite which will be about half sugar 
and half molasses. Besides evaporating water from the sirup to bring it to 
the saturation point, the operations in the pan indUde graining or forming the 
sugar ^crystals and ihe sobeequmt enlargement of the crystals to comm^cial 
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size. This operation is called boiling to grain. Efficiency of evaporation 
governs the design of the multiple effect, while vacuum pan design is more 



dependent upon efficiently 
handling and discharging 
a thick viscous mass 
quickly. 

107. Multiple Effects. 
— ^In Louisiana the multi- 
ple effect usually consists 
of two or three vessels 
operated in series, in Cuba 
three or four are used ordi- 
narily; while in Europe 
five and even six have 
been used. Properly op- 
erated, efficiency increases 
with the number of vessels 
insofar as fuel costs are 
concerned. These vessels 
are simple steam heaters 
where the condensing of 
steam on one side of a 
tube affords the heat 
necessary to evaporate 
water from the juice on 
the other side. In hori- 
zontal tube types. Fig. 36, 
the steam passes through 
the tubes but in vertical 
types, Fig. 37, the juice cir- 
culates vertically through 
the tubes. Necessarily the 
temperature and pressure 
of the steam on the heat- 
ing side are higher than 
those on the juice or heat- 
ed side. The vapor arising 
from theboilingjuice^n the 
first effect or vessel passes 
throughapipeto the steam 
space of the second effect, 
35, and will evaporate 
water from the juice if the 
pressuremamta^^oedonthis 


juice allows a proper fall of temperature between the Wo sides of heating 


surface. The vapor lurising in eadi effect does evaporative duit^ in thwloilow- 


ing one, except that from the last which is sent to a condenser. 
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In Kg, 36 the steam belt (A) could be of the fonn shown in section in Kg. 
37. In this type the steam surrounds the small tubes. The jxiice boils up 
through the tubes and descends either through adjacent tubes or through the 
large down-^take in the center. The large down^-take may be omitted and 
several larger tubes used as down-takes as desired. 

Note the following conditions in Kg. 35: 


Effect 

I 

II 

III 

IV 

Temperature differences 

Pressures: 

o 

T— 1 

o 

r- 

1 

16° 

40° 

Steam side 

3.2 lb. 



-16.2 in. 

Juice side 

— ^2.3 in. 



-24.7 in. 

Differences 

Densities, Brix 

Entering effects = 12° 

8.7 in. 

8.2 in. 

5.7 in. 

8.5 in. 

In effects 

14° 

t 

18° 

26° 

47° 

i 


These data were obtained on test ^ and do not indicate either maximum 
capacity or maximum economy neces- 
sarily. 

108. Disposal of Condensate. — ^The con- 
densate in the steam belt of the first effect 
is free of sugar and naay be used as boiler 
feed water. The condensate from the other 
effects, especially in the older types of evapo- 
rators, is liable to contain sugar carried over 
by entrainment in the rapidly moving steam 
from the preceding effect. There is rarely 
entrainment in modem well-proportioned and 
well-operated multiple effects. If the con- 
densates containing even traces of sugar were 
used in the boilers, these would ultimately 
start foaming. In the modem factory, in 
which the condensates contain no sugar, this 
water is used in feeding the boilers, in satu- 
rating the bagasse, in diluting tank-bottoms 
(mud or cachaza) and in washing the various 
tanks. The condensate from the second effect 
may be passed into the third and the total into 
the fourth effect and then be removed by 36.— Horizontal Tube Type 

means of a pump. It is usual to pump Evaporator, 

the condensate separately from each ca- 
landria, as the heating section or belt of the effect is often termed. 

^ 36 to 38 are from a paper by E. W. Kerr in Transactions of the American 

Society of Mechazdoal Engineers, 1916. 











108 


EVAPORATING AND JUICE HEATING 


109. Disposal of Gases. — ^Incondensable gases are brought into the multiple 
effect in the steam or juice and are given off under the reduced pressures and 
tend to accumulate, unless removed as fast as they enter. Certain nitrogenous 
bodies of the juice decompose and form ammonia during the heating. The 
path of the heating steam should be positive so that the gases are forced to 
move continuously to the exit where they are removed by the pipes which 
connect each calandiia with the condenser, or air pump for the purpose. In 
the case of the vacuum pans using high pressure steam, the air is removed 
from the steam coils by valves in connection with the steam traps. The steam 

traps let water pass, but neither air nor 



steam. The air relief valve will let the 
air escape but not the steam. Advantage 
is taken of the fact that air cools readily 
and win sink below the steam. After the 
air has escaped, the steam, in attempting 
to foUow, heats a valve stem and so closes 
the valve that aUowed air to escape. 

110. Juice Height. — ^In the ordinary 
standard vertical multiple effect, Eig. 37, 
the greatest capacity is secured when the 
solid juice height, as indicated by the glass 
gage exterior to the effect, is one-third to 
one-fourth the tube heiglxt. Inside the 
effect the steam bubbles should just carry 
the juice over the tube sheet, but this does 
not indicate the juice level. The sirup is 
kept at the same height in aU effects by 
hand-controUed valves or automaticaUy, 
the amount pumped from the last effect 
being gaged by the amount of thin juice 
drawn into the first. 

111. Different Types of Multiple Effects. 
— ^There are many different styles of multi- 
ple effects made of different modifications 


Fig. 37.— Vertical Tube Type of the same few elements. The most com- 
Evaporator. naon fault is too large juice capacity, so 

that the juice remains too long in the effect. 
Some types lack in the positiveness of the circulation of the steam or juice or 


in the withdrawal of the incondensable gases. 


The heating surface is made up of straight tubes usually either vertical 


or horizontal. Usually the steam passes through the horizontal tubes and the 
juice through the vertical ones. In one well-known type the juice is sprayed 
over inclined tubes containing steam. To permit air to escape the closed 
upper end of the tube contains a pin hole. 


112. Tubes.— In the vertical standard effect the tubes are about moh 
thick, If inches or 2 inches in diameter ^d 4Q to 54 iipcheB long. ,Tl|e linger 
these tubes .and the more intensely a smal) 
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certain will juice spout high up in the rapidly moving steam. The more eflS- 
cient the heating surface, the more uniform will be the boiling over the entire 
top sheet and the smaller will be the temperature difference between the 
juice and steam sides. Intense localized heating should be avoided. 

The tubes in horizontal effects are f inch or 1 inch in diameter and about 
12 or 14 feet long. Longer tubes are liable to sway unless supported in the 
middle. These tubes are generally arranged in nests of eight, which may be 
removed as a unit (Fig. 36). 

113. Relations of Effects to Each Other. — Multiple effects wiQ operate 
when they are not operating eflSciently. AH the steam arising in one effect 
must'be condensed in the next steam bdt following, and conditions wiU change 
so that this will occur. Suppose that the third effect suddenly had its heating 
surface covered with scale. It could not transmit the amount of heat it trans- 
mitted before, so the steam pressure and temperature in its steam belt would 
rise till the heat transmitted was sufficient to condense all the steam now com- 
ing over from the second effect. But this would be less than formerly, as the 
rise in the steam pressure in the bdt or calandria of the third effect has increased 
the pressure on the juice side of the second effect. 

The capacity of each effect depends upon the capacity of the effect preced- 
ing it and on the one following. 

114. Real and Apparent Temperature Differences. — ^The difference 
between the temperature in the steam calandria of the first effect and the 
temperature of the vapor going to the condenser from the last effect is the 
total a'p'parent range of temperature. For a single effect, such as a vacuum 
pan, this total range occurs in one vessel. In the double effect this range is 
divided into two parts, in a triple effect into three parts and in a quadruple 
effect into four parts. For the causes enumerated in a preceding paragraph, 
there are lost degrees of temperature. These are tabulated below for a triple 
and quadruple effect, of the standard type for usual conditions under three 
heads. 

(1) The boiling temperature loss is due to the fact that we are dealing with 
a sugar solution rather than with distilled water. 

(2) The static head loss takes in the loss due to the depth of the boiling 
liquid. 

(3) The third includes loss (assumed) due to the density and viscosity of 
the solution. 

To Obtain the Pressures to be Carried in the Vessels of the Multiple Effect. 

In the table below, the total loss degrees of temperature are 5.4® + 9® + 15.4® 
=29.8® F. The steam is assumed to enter the first vessel at 227.2® F. and the 
vapor to leave the last vessel at 125.4® F. The apparent range is 227.2 
125.4® and the real range is 227.2® - 125.4® - 29.8® = 72® F. This real 
range now be divided, for a triple ^ect, into three parts in accordance 
with conditions affecting the heat coefficients that have been considered, as for 
instance expected scale or oil on the heating surfaces. In the table the ranges 
of 22®, 24® and 26® have been assumed. The apparent range in each vessel is 
the sum of the assumed real range in it and its espected lost d^ees of tempera- 
ture. To obtain the temperature of the vapor rising in the first vessel, sub- 
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tract the apparent range in temperature, 27.4** F., from the assumed steam 
temperature in the first steam belt. The 199.8° F. so obtained is the steam 
temperature in the second belt. Subtracting 33° F. from 199.8° gives 166.8° 
F., the temperature of the vapor in the second vessel. From the steam 
tables (page 127) we can readily find the pressures corresponding to the tem- 
peratures. 


Distribution in a Triple Eppbct 


6-lb. Pressure 

26-in. Vacuum 

Bodies 

1 

2 

3 

Boiling temp, loss, F° 

0.9 

1.5 

5.4 

Static head loss, F° 

1.6 

2 

3 

Viscosity loss, F° 

3 

5.5 

7 

Total losses, F° 

5.4 

9 

15.4 

Assumed effective temp, dif., F° 

22 

24 

26 

Apparent temp, dif., F° 

27.4 

33 

41.4 

Temperatures F°, 227,2 

199.8 

166.8 

126.4 

Pressure and vacua +6 lb. 

*-6.4 in. 

-18.6 m. 

—26 in. 


Distribution in a Quadruple Eppect 


Bodies 

1 

2 

3 

4 

Boiling temp, loss 

0.9 

1 

1.6 

5.4 

Static head loss 

1.5 

1.7 

2 

3 

Viscosity loss 

2.1 

4.5 

6.5 

6.9 

Total loss 

4.5 

mm 

9 

15.3 

Effective temp, dif., F° 

16 


18 

18 

Apparent temp, dif., F” 

20.6 


27 

33.3 

Temperatures, F®, 227.2 

206.7 


166 

125.2 

Pressure and vacua ... 4-5 lb. 

—3.4 in. 



—26 in. 


In “ Steam Economy in the Sugar Factory,” Abraham, translated by 
Bayle, the following table is given, illustrating losses in temp^ature in evap- 
orators of beet sugar factories: 
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Loss IN Tesmpbbature, Difpbrencb in Dbqbbbs Fahrenheit 


Individual Bodies 


Evaporation System 

B 

II 

III 

IV 

V 

Total 

Single effect 

15.3 





15.3 

Double effect 

7.2 

15.3 





22.5 

Triple effect 

5.4 

9 

15.3 



29.7 

Quadruple effect 

4.5 

7.2 

9 

15.3 



36 

Quintuple effect 

4.5 

6.4 

8.1 

10.8 

15!3 

44.1 


Hausbrand ® gives even greater differences in the fall of temperature in the 
effects when the heating surfaces are of equal area. The ratios of the fall of 
temperature given by him are as follows: 


In the double effect 

1 

1.58 



In the triple effect 

1 

1.44 

3.44 


In the quadruple effect 

1 

1.105 

1.48 

2.175 

Applying these ratios in the preceding cases 

would give apparent tempera- 

ture differences as follows: 

®F. 

°F. 

®P. 

®F. 

In the triple effect 

17.3 

24.9 

59 


In the quadruple effect 

17.7 

19.6 

26.2 

38.4 


The discussion of the difference between real and apparent differences of 
temperatures has been introduced largely to show why the heat transfer coeffi- 
cient varies in the effects when apparent temperature differences are used. 

115. Transfer of Heat. — ^The number of B.t.u. transferred from the heating 
to the heated side per hour is KA(t% — ti) where K = the mean thermal 
coefficient of conductivity per hour for the case considered; A = the area in 
square feet; (f® — = the difference of the mean temperatures of the steam 

and juice. The value of K depends upon whether (f* — t is the difference of 
the apparent mean of real mean temperatures. 

Tables B and C, pages 128, 131, t^en from a paper on “ The Capacity and 
Economy of Multiple Evaporators,” by E. W. Kerr in the TramcLctions of 
the American Society of Mechanical Engineers^ 1916, contain much useful infor- 
mation. Thus m experiment No. 27, Table B, the total range of temperature is 
14.6(1 + 1.14 + 1.10 + 2.76) = 87® F. The heat transfer coefficients are 
for the apparent temperature difference in the effects; the average is 

(464 X 1) + (408 X 1.14) + (448 X 1.10) + (193 X 2.76) -s- 

(1 + 1.14 + 1.10 + 2.76) * 325 B.t.u. Table B, Part III. 

‘“Evaporating, Condensing and Cooling Apparatus/’ E. Hausbrand, Eng. 
Ed., 113. 
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The radical difference in the coefficient of heat transmission in the first three 
effects and the last one is due in part only to the greater number of lost degrees 
of temperature in the last effect. It is interesting to examine the coefficients 
given in Table 248. For equal cleanliness of surface and equally good circu- 
lation the coefficients should decrease in increasing amounts from the first to 
the fourth effect. 

In Experiment 27, 837,836 pounds of water were evaporated in 7.13 hours 
with a total temperature range of 87® F., and a mean apparent coefficient of 
heat transfer of 325 B.t.u. Assuming roughly that it takes 970 B.t.u. to evap- 
orate 1 pound of water, we find, using the total range of temperature, 87®, the 
area of the heating surface, A, in a single effect or in each effect of a multiple 
effect from the equation 

325 X 87 X A = 970 X 837,836 4- 7.13, 

A = 4000 sq. ft., approximately. 

Care must be taken to evaluate all parts of the table in any test. Thus, 
test No. 35 gives 5.3 pounds of water evaporated per hour per square foot of 
heating surface. But the steam pressure in the first steam belt was 8.7 pounds 
below the atmospheric pressure. Evidently the heat in this test was trans- 
ferred so readily that the steam pressure did not build up and if enough steam 
had been supplied to bring the pressure up to 18 pounds per square inch, abso- 
lute, the evaporation rate per 
square foot would have been 
enormously increased. In this 
test the total range of tempera- 
ture was 53.8° F., that in the 
first effect being 7.6° F. 

The original papers by 
Prof. Kerr should be con- 
sulted before drawing con- 
clusions as to the relative 
efficiency of the evaporators 
included in his tests. The 
results of his tests are given 
in the tables at the end of this 
chapter, to servo as examples. 

116. Heat Balance. — In 
properly operated clean effects 
it is close enough for illustration 
but not for design to say that 1 
pound weight of steam per unit 
of time will evaporate approximatdy 3 pounds of water from 4 pounds of 
juiqe in a triple effect and the^t it will evaporate 4 pounds of water from 5 
poimds of juice in a quadruple effect in the same unit of time. To show this, 
let us assiime the steam t^jieiaturei^ on page llO f ot a triple effect and al^ 
that the density of the entering juice is 12^ Brix, the temperature being 180^ F. 
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■ Heat Distribution in a Triple Effect 


First Effect Heat 

1 lb. steam, 6 lbs. pressure per square inch. Latent =960.7 B.t.u. 
Heat required to raise 4 lbs. juice at 180® F.- to 
199.8® F., specific heat = 0.91 

= (199.8 - 180) X 4 X 0.91 = 72 

Total heat liberated 888 . 7 

Latent heat at 199.8® = 977.7 B.t.u. 

Evaporation No. 1 = 888.7 -5- 977.7 = 

Juice transferred to No. 2 effect 


Juice, 

Pounds 

4.000 


.909 

3.091 


12 

Brix 


3.091 

4.00* 


.*. Brix 


15.5®. 


Second Effect 


Heat liberated as follows: 

Vapor from No. 1 effect 888.7 

Sensible heat from condensate: 

(227.2 - 199.8) X 1 = 27.4 

Sensible heat from juice: 

(199.8 - 166.8) 3.091 X 0.85 « 86.7 

Total heat liberated 1002 . 8 

Juice transferred to No. 2 effect 3.091 

Latent heat at 166.8® = 998 

Evaporation No. 2 = 1002.8 * 5 - 998 = 1 . 005 

Juice transferred to No. 3 effect 2 . 086 


15.5 

Brix 


2.086 

3.091* 


Brix 


23®. 


Third Effect 

Vapor from No. 2 effect 

Sensible heat from condensate: 

(199.8 - 166.8) (0.909 + 1.005) = 

Sensible heat from the juice: 

(166.8 - 125.4) (2.086) (0.75) = 

Total heat liberated 

Latent heat at 125® F. = 1021 


Evaporation in No. 3 


1130.7 

1021 


1002.8 


63.2 


64.7 

1130.7 


Sirup from No. 3, 


23 

Brix 


Q.979 

2.086* 


Brix 


49. 


1.107 


0.979 
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117- Increasing Evaporative Efficiency. — ^Theoretically it is always advisa- 
ble on the score of steam economy to use low-pressure steam to heat low- 
temperature solutions and high-temperature steam to heat those of high 
temperature. By using a series of heaters taking steam at different tem- 
peratures, solutions can be raised to high temperatures in a series of opera- 
tions. 

Thus, all the heat in the steam going to the condenser from the last effect 
is wasted, yet a portion of that heat could be used to raise cold juices to within 
some ten degrees of its own temperature. In other heaters, steam taken from 
the vapor pipes of the third, second, or ffrst effect could raise the juice to higher 
temperatures. 

The practical objections to the scheme are the increased complexity of the 
apparatus, its initial cost, upkeep and cost of cleanliness in avoiding bacterial 
action. 

Let us make the following assumptions: 

(1) The number of heat units in 1 pound weight of steam is the same at all 
pressures (practically). 

(2) If X pounds of water are evaporated from a multiple effect, then the 
number of pounds of exhaust steam reqxured will be x/n, if n is the number of 
vessels in the effect. 

(3) If h pounds of steam are taken from the boilers and used in any single 
effect heater, such as the vacuum pan or defecator, the steam used will be 



Suppose that the steam being sent from the last effect to the condenser 
were of high enough grade, it is evident that we could save 100 per cent of h 
pounds of steam by diverting h pounds of this steam from the condenser. 


Gain in Pdr Cent by Robbing Effects 


Evaporating System 

Steam Taken from Effect No. - 

— 

1 

2 

3 

4 

5 

Single 






Double 


100 




Triple 


66f 

100 



Quadruple 


50 

75 



Quintuple 

20 

40 

60 


100 


118. General Equations. — ^If we are to abstract h pounds of steam from 
only the ffrst of n vessels and must evaporate x pounds of water in those vessels, 
we must furnish the ffrst vessel with 


+ pounds of steam. 
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This expression may be considered to consist of two factors. We may 

imagine a weight of steam ( ^ j to act normally in n vessels and so evap- 

. /a; hi\ ^ ^ 

orate ^ I ^ ~ ~ — hi pounds of water. The other factor, ku evaporated 

the necessary hi poxmds of water from the first effect and this vapor is sent to 
perform the auxiliary heating. 

If hz pounds of steam are taken from only the second of n vessels, the 


amount of steam that must be sent to the first vessel will be 


\n n ) 

As before, we may imagine the steam represented oy \ - — — ) to act 

\7i n ] 

normally and supply n times its value in evaporation, or {x — 2A2) pounds. 
The additional hz pounds of steam will evaporate hz pounds from each of two 
effects, giving x for the total evaporation and hz for auxiliary heating. 

In general let Ai, hz^ ht^ . , , hn pounds of steam be drawn from the first, 
second, third, . . . nth effect, then the total consumption of steam will be, 
on rearranging expressions (a) and (&) above 


1- + ^2 + As + • • • + An 

n 


(hi + 2A2 + 3A3 4- ■ » » -^Tlkn) 
n 


119. Saving in Per Cent. — ^The saving A, may also be expressed as a per- 
centage of X, so that the consumption of steam and the saving may be expressed 
in terms of x. 

Thxis, if Ai -3- a; = pi, ^2 ^ a; = p2 . . . An -5- a; = pn, the consumption of 
steam expressed as a percentage of that required for direct multiple effect 
evaporation would be 

100 . . (pi + 2 p 2 H- 3ps . . . npn) 

— + Pi + P2 . . . p« 

n n 


and the percentage saving would be 

(Pi + 2p2 -f- 3p8 . . . npn) -5- n. 

In a quadruple effect the first effect is robbed of .15a;, the second effect of 
.lOx and the third of .06a;, the saving is 

12.5 

(.16 X .26 + .10 X .60 + .06 X .75)a; = or 12.5 per cent, 
or 

(.15 + 2 X .10 + 3 X .05) 4- 4 =« 12.5 per cent. 

In a quadruple effect if, in one instance, the first, second and third effects 
are robbed of equal amounts of steam and, in another instance the second 
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effect is alone robbed of the same quantity of steam, the efficiency is the same 
m both cases theoretically: 

.25 + .50 + .75 


Practically, however, the reduction in complexity of piping makes the robbing 
of the second effect preferable. 

120. Pauly Heaters or Pre-evaporators. — ^When the supply of exhaust 
steam from thevarious engines is not sufficient there is a choice between admit- 
ting live steam direct from the boilers into the steam belt of the first effect or of 
using this live steam in the steam belt of a vessel called a Pauly, named for its 
inventor. The vapors from the Pauly may go either to the exhaust main or to 
the steam bdt of the first effect. By connecting the steam main to the 
exhaust main by a reducing valve it is evident that when the exhaust pressure 
is low there will be a large demand made for live steam. When the exhaust 
pressure is high there will be little or no demand for live steam. The Pauly 
acts similar to a reducing valve, supplying the first effect with steam when 
the exhaust steam pressure falls. 

The Pauly is of doubtful utility and its use is diminishing. 

121. Steam Consumption in a Cane Sugar House. — ^In the following exam- 
ple the weight of steam used for any purpose is expressed as a percentage of 
the weight of the cane ground. It is further assumed that there is no dif- 
ference in the quantity of heat in a pound of high-pressure steam and in that 
of a pound of low-pressure steam; that a pound of steam in condensing will 
evaporate a pound of water from the juice; that a preheater may be used 
and that a vacuum pan using low-pressure steam for heating is feasible. 

In a house provided with a quadruple effect, the evaporation is 78 per cent 
of the cane weight and the exhaust steam supplied the first effect is therefore 
78/4 per cent. The vacuum pans use 22 per cent and for heating 16 per cent 
steam is used. The weight of steam used is then, for, 

(1) Straight evaporation, no preheater, no robbing of effects, 

^ + 16 + 22 = 67.6 per cent. 

4 


(2) If a preheater receiving 10 per cent steam is used, 


(78 - 10) 
4 


+ 16+22 


55 per cent. 


(3) If a preheater receiving 10 per cent steam is used and the first effect is 
robbed of 10 per cent steam for a low-pressure vacuum pan, the second effect is 
robbed of 10 per cent for juice heating and the fourth effect is robbed of 6 per 
cent for heating purposes. 


(78 - 10) 
4 


+ 10 + 6+22 


10X1 + 10X2+6X4 
4 


41.5 per cent, 
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If the effects are not robbed it is usual to give each vessel the same heating 
surface. This cannot be done if the ejffects are to be robbed as the mass of 
steam sent from one effect to the next diminishes greatly. Thus, 

The exhaust steam sent to the first effect = « 


78 5 X 10 

4 4 


+ 10 + 10 + 6 - 1 ^ ^ „ 18.5 percent. 


HE 19 . 6-1 


Steam 

from 

pre- 

heater 


10 . 0 - 


10 % 10 % 6 % 

■29.5 %— I- -19.6 %— n J-9 . 5 %— m— 9 . 5 %— IV-J-3 . 6 % 


10 % 


!> <1 «i 


29.5% 19.5% 


9 . 5 % 


1 


9.5% 


Evaporation 78% 


Where a factory is prosperous, it is usual to increase its capacity. If 
changes are to be made in the sizes of effects, it is well to consider “ robbing,” 
letting the old effects follow a new first effect, enlarged to provide the necessary 
extra heating surface. 

122. Heating Surfaces. — By referring to Table B, page 128, one is struck 
by the wide disparity in temperature fall allowed in the different effects in 
different houses, and also by the disparity in the coefi5cients of thermal con- 
ductivity in the different effects in houses of the same capacity. 

. It is evident that the results obtained when the effects are new and free of 
oil and incrustation, and are operated with the proper fall of temperature in 
each vessel, will be different when these economic conditions do not obtain. 

Under average conditions, for example, we may assume that a quadruple 
effect will evaporate 6,5 to 7.5 pounds of water per square foot of heating sur- 
face per hour and hence we can obtain the heating surface necessary by dividing 
the water to be evaporated in each effect per hour by 6.5 to 7.5.® 

Thus, if a quadruple effect is to evaporate 100,000 pounds of water per hour, 
the heating surface of each effect will be 


100,000 -f- (6.5 X 4) = 4000 sq. ft., approximately. 

If the effects are robbed of vapor, the area of the heating surface of any effect 
is found by multiplying the weight of cane ground per hour by the product of 
the percentage of evaporation in that effect and the latent heat of the steam 
and dividing by the product of the apparent fall of temperature in that effect 
and its assumed coefficient of heat transmission in thermal units per hour. In 
the case of the first effect, the numerator of the fraction indicated should be 
increased by the quantity of heat in thermal units required to heat the juice 
from the temperature at which it enters the first effect to the temperature of 
boiling in that effect. The latent heat may often be assumed at 1000 thermal 
units for convenience. 

^ Under fifpod;. conations an evaporation of over 9 pounds has been reported. 
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The amount of evaporation in the first is to that in the fourth effect as 
29.5 is to 9.5. {See diagram, page 117.) The steam sent to the condenser is 
oidy 3.5 per cent, thus reducing the quantity of injection water and air-pump 
capacity required. 

Thus, suppose in case (3) above that the weight of juice « the weight of 
the cane (owing to the dilution by maceration water) is 125,000 pounds per 
hour; that it enters the effect at a temperature of 200** F. and is boiled at 213** 
F. Let the apparent temperature falls in a quadruple effect be 15® F., 17® 
F., 20® F., and 40® F., the corresponding coeflicients of heat transmission be 
450 B.t.u., 420 B.t.u., 400 B.t.u., and 200 B.t.u., and the latent heat be equal 
to 1000 B.t.u., approjdmately: 


Heating surface of first effect 


125,000(0.9(213 - 200) + 0.295 X 1000) 
15 X450 


5680 sq. ft. 


Heating surface of second effect 


125,000(0.195 X 1000) 
17 X 420 


= 3414 sq. ft. 


Heating surface of third effect 


125,000(0.095 X 1000) 
20 X 400 


1484 sq. ft. 


Heating surface of fourth effect 


125,000(0.095 X 1000) 
40 X 200 


1484 sq. ft 


It is somewhat cheaper to make the effects of the same dimensions. This 
is also advisable under the usual operating conditions, in which the heating 
surfaces of the vessels containing the concentrated juice are more or less coated 
with scale. Evidently the dimensions of the third and fourth effects may be 
increased by diminishing the allowed fall of temperature in them and those in 
the first two decreased by increasing correspondingly the fall of temperature 
in them. 

Exahpls: Find the area of the heating surface of a juice heater for a fac- 
tory of 1000 tons of cane, daily grinding capacity; steam equal to 6 per cent of 
the weight of the cane to be taJken from the vapor pipes of the second effect at a 
temperature of 183.5® F., the weight of the juice is that of the cane and its 
tanperature entering the heater is 100® F., assumed coefiOicient of heat transfer 
is 250 B.t.u. par degree Fahrenheit difference between the two sides. Assume 
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the steam to lose 1000 B.t.u. per pound and that the specific heat of the juice is 
0.9. The rise in temperature in the juice 


1000 X 2000 X 0.06 X 1000 B.t.u. 
1000 X 2000 X 0.9 


66.6° F. 


The mean difference of temperature between juice and steam sides of the 
heater 


= 183.5 - 


f'lOO + 100 + 66, 


2 


-) 


60.2° F. 


Allowing 10 per cent for radiation and other losses, the heating surface will 
be 


1000 X 2000 X 0.9 X 66.6 
* ^ 250 X 24 X 60.2 


438 sq. ft. 


The original juice temperature plus its rise in temperature must be ten or 
more degrees below the assumed steam temperature. 

123. Heat from Bagasse. — ^In burning wet bagasse there is more heat 
developed than is necessary to bring its moisture content to the boiling point, 
evaporate it, and superheat the vapor to 500° F. or over. If we assume that 
1 poimd of dry fiber in burning gives out 8300 B.t.u. then the heat content per 
pound of wet bagasse for various percentages of moisture content may be 
found from the table below; 


Heat Content in One Pound of Wet Bagasse (Cuba) 


Moisture content, per cent 

Dry fiber, per cent 

Heat of combustion 

To heat and superheat 

Heat available 

Equivalent evaporation from and at 

212° F 

Equivalent steam: 

70 per cent boiler efficiency 

65 per cent boiler efficiency 

60 per cent boiler efficiency 


42 

44 

46 

48 

50 

58 

56 

54 

52 

50 

4814 

4648 

4482 

4316 

4150 

511 

635 

559 

583 

607 

4303 

4113 

3923 

3733 

3543 

4.44 

4.24 

4.04 

3.85 

3.65 


2.97 

2.83 

2.70 

2.65 

2.88 

2.76 

2.63 

2.50 

2.37 


2.54 

2.43 

2.31 

2.19 
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■ Thus 1 pound of bagasse, containing 0.66 pound fiber would evaporate 
2.76 pounds of water in a boiler of 65 per cent efficiency. 

Assuming 10 per cent fiber content our unit of 100,000 pounds cane per day 
would give 10,000 pounds dry fiber. In addition there would be an extra 1000 
pounds of glucose, sucrose and some nitrogenous compounds in the bagasse. 

To get the weight of wet bagasse having the total dry fiber and the per cent 
of dry fiber, divide total dry fiber by the per cent of dry fiber content. Thus, 
dividing 11,000 pounds by an assumed dry fiber content 0.52, gives 21,139 
pounds as the weight of wet bagasse as fired. 



Fig. 39, — Quadruple with Vapor and Exhaust Heaters. 


If we assume that 1 pound of wet bagasse in burning will evaporate 2.5 
pounds water from and at 212° F., then the heat contained in 100,000 pounds 
cane would evaporate 52,825 pounds of water from and at 212° F. 

124. Power. — In a plant grinding 100,000 pounds of cane per hour the 
requisite power will be about 1600 hp. Its equivalent in terms of the evapora- 
tion of water from and at 212° F. be 

1500 X 33,000 

X - 8936 pounds per hour. 


125.. Vacutun Pan and Radiation Losses. — ^These are nearly constant 
loi^ aind expressing these for our unit in terms of the evaporation of water 
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from and at 212® F. gives 

Water from and at 212® F. 


Vacuum pans 20,000 

Radiation losses 2,500 


126. Evaporation in Multiple Effects following Webre and Robinson. — 
Let us follow the scheme laid out in Fig. 39. It will be noted that both the 
first effect and an exhaust heater receive exhaust steam at 227® F. and that a 
vapor heater receives steam from the exhaust of the first effect. The cold 
juice is heated from 100® F. to 205® F. in the vapor heater and thence to 212® F. 
in the exhaust heater. The hot juice is sent to the defecators and thence goes 
to the first effect. 



Fig. 40. — Performance Chart. 

How many pounds of steam at 212® F. are requfred to reduce 100,000 
pounds of juice to 25,000 pounds of sirup in a quadruple effect following the 
scheme in Fig. 39. 

It is necessary to guess the required quantity, go through aU the calcula- 
tions given below and if the resultant weight of sirup differs materially from 
that required, namely 25,000, it will be necessary to make new assumptions 
and make new calculations imtil an assumption is made that gives the required 
sirup weight. 

The temperature of the feed juice is very important. The steam consump- 
tion should be worked out for three different temperatures of the juice, and the 
results plotted as in Fig. 40. The heat balance shows that with the juice feed 
at 200® F. with this cycle the bagasse should furnish all the fuel that the house 
needs. (See Fig. 41.) 
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QlTADBXTFliE WITH VaPOR HdATING CtCLB “D" 

Bodies Specifications bTu'b 

(1) 29,000 lb. at 227° = 29,0001b. X 960.7 B.t.u./lb. « 27,860,000 
Deduct for heating 100,000 lb. X (214.5° - 180° 

« 34.5°) * 3,460,000 

Available for Evaporation 24,400,000 

L at 214° = 969.1 B.t.u./lb. 

24.400.000 

969.1 

Transferred to Number 2 

(2) Vapor ex. Number 1 24,400,000 

Add Flash, 74,800 lb. X (214.5° - 198° « 16.5°) * 1,234,000 

Available Total Heat 25,634,000 

Deduct for Heater, 100,000 lb. X (205° — 100° « 

105°) = 10,500,000 

Available for Evaporation 15,134,000 

L at 197° « 979.7 B.t.u./lb. 



979.7 

Transferred to Number 3 

(3) Vapor ex. Number 2 15,134,000 

Add Flash, 59,350 lb. X (198° - 175° * 23°) =.. . 1,365,000 

Available for Evaporation 16,499,000 

L at 173° = 994 B.t.u./lb. 

16.499.000 
994 

Transferred to Number 4 

(4) Vapor ex. Number 3 16,499,000 

Add Flash, 42,750 lb. X (175° - 134° = 41°) «.. . 1,760,000 

Available for Evaporation : 18,249,000 

L at 125° « 1021.6 B.t,u./lb. 

1021.6 

Sirup ex. Number 4 

Steam from and at 212° » 29,000 lb. X .99 » 28,700 lb. 


Juice, 

Pounds 

100,000 


26,200 


74,800 


15,450 


59,350 


16,600 


42,750 


17,860 


24,900 



EVAPORATION IN MULTIPLE EFFECTS 
In heating from 206® F. to 212® F. there was an expenditure of 


123 


1 00,000 X 7 
970 


s 720 units. 


The heat distribution then is 

Pounds water from and at 212® F. 


Power 3,935 

Heating from 206® to 212° F. (steam heat constant) . . . 720 

Evaporation in quad and vapor heating 28,700 

Vacuum pans 20,000 

Radiation losses 2,600 

Total 55,855 

Available from bagasse alone 62,826* 

Deficit 3,030 



Initial Temperature Juice To Evaporators 
Fig. 41. — ^Factory Heat Balance. 


* See Steam Formation, Fig. 41. 
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127. Vacuiim Pan. — ^A vacuum pan is a single effect, evaporating from 12 
to 15 per cent of the quantity of water, required to be evaporated by the multi- 
ple effect. Economy of time rather than economy of steam is sought in its 
design. To boil and drop a strike quickly is desired. To boil quickly there are 
required properly clarified sirup, good sirup circulation, steam coils free of con- 
densate and air and as great difference in temperature between the heating 
steam and the massecuite as is practicable. To drop a strike quickly the heat- 
ing surfaces must not impede the free fall of the massecuite. 

Boiler steam, passing a reducing valve, is admitted to a vertical manifold 
having 6 or 8 branches or nozzles entering the pan. Inside the pan these 
nozzles divide into 2 or 4 helical 4-inch copper tubes preferably not longer than 
40 feet. In large pans there may be two manifolds on opposite sides of a diam- 
eter having similar nozzles and tubes. These tubes must be so arranged as to 
give the best circulation and the quickest drop possible. 

No tube must contain steam unless it is covered with massecuite. In the 
first part of the operation the mass in the pan is rather thin and diminishes in 
volume till it is ready to form grain. After that period during the building 
up of grain the mass increases in density and amount to a maximum when the 
pan is full. Owing to lost degrees in temperature in boiling deep masses of 
massecuite, high-pressure steam, 45 pounds per square inch, is usually used. 
Sugar is often boiled with exhaust steam, particularly in calandria pans. 
It is common practice to boil coil pans with the lower coils on live steam and the 
top coils on exhaust. When the steam enters a tube at high velocity, as it 
does in the first part of the process, when the sirup is thin, and condenses, con- 
siderable unbalanced pressure results that sets up excessive vibration, unless 
the tube is restrained by collars fastened to rigid uprights. The soft coils 
must not rub against their collars and produce pin holes in the tube. 

In designing the pan, about 0.55 boiler horsepower or 460 pounds of steam 
must be allowed per ton of cane per day. 

128. Condenser. — ^By condensing the steam from the last effect or vacuum 
pan the pressure is reduced below that of the atmosphere. As the steam is 
accompanied by air and other incondensable gases, either dissolved in the 
original juices or sirup, or formed during the heating process or through 
leakage, an air pump must be provided to remove them so that the vacuum 
may be maintained. The barometric condenser is a preferred type on planta- 
tions. It is a condenser placed at a height above the ground so that it may 
discharge by gravity against the atmospheric pressure when the bottom of its 
discharge pipe is submerged in an open tank filled with water. 

In the modern type the vapor pipe from the effect or pan enters the con- 
denser at the side near the bottom and as the suction pipe of the air pump is 
attached at the top, the path of the gases is toward the top. The injection 
water enters near the top of the condenser and is broken up into sprays or thin 
sheets through which the vapors must pass on their way to the air pump 
opening. As the vapor and water move in opposite directions, it is sometimes 
called a counter-current condenser. 

The discharge pipe usually supports the condenser. It should be about 
34 feet high. To the minimum height in feet, divide^ the difference 
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between the absolute pressure of the atmosphere and the miTnrmmn absolute 
pressure to be carried in the condenser in pounds per square inch, by the weight 
of a col umn of the discharge water 1 foot and 1 square inch in cross- 
section. To this add the height of water in feet necessary to produce the 
assumed velocity of efflux of the discharge water. 

Fins or projections should be placed on the bottom cone of the condenser 
proper to prevent the water from whirling and so risiug above the normal level. 

Example. — ^If 5 cubic feet of discharge water per second, weighing 60 pounds 
per cubic foot, are to be discharged from a discharge pipe of 0.5 square foot 
cross-section from a condenser carrying a pressure of 2 pounds, absolute, into 
the atmosphere at a pressure of 14.7 pounds per square inch, the TninimnTn 
height will be found as follows: 

60 

(14.7 - 2) -r- — = 30.5 feet; 


V^:=2gh; :,h 


m 

64 


1.56 feet; 


Minimum he^ht = 30.5 + 1.56 = 32.06 feet. 


129. Vacuum Pump. — Cast iron is porous and air will leak through it, 
although it may be tight with regard to steam or sirup. A vacuum should 
be raised and the entire surfaces of effects and pans should be heated gently 
and then painted with a paraffine or other paint which wiU close these pores. 
Joints of all descriptions may leak air. The length of time a vessel will hold a 
vacuum indicates its air tightness. Air leakage noiay be two or more times the 
amount of air that must be handled unavoidably. 

The office of the air pump is to pump air and other incondensable gases 
rather than vapor. The air and vapor come off as a mixture so that pumping 
some vapor is unavoidable, but this can be reduced to a very small amount 
if the air is cooled to a temperature not exceeding that of the incoming injection 
water by more than 10° or 15° F, To do this bring the vapor, just as it is enter- 
ing the suction opening of the air pump, into contact with surfaces having 
the temperature of the incommg injection water. 

The pressure in the condenser is nearly the same in all parts but the tem- 
peratures of the different parts of the vapor mass may differ considerably. 
If we take the temperature of the vapor and from the tables find the corre- 
sponding pressure we shall find this pressure less than that actually existing in 
the condenser. The difference of these pressures is the pressure due to the 
incondensable gases. The lower we cool the vapor the less the amount of 
steam in any given mass and the greater the amount of air as the total pressure 
remains constant. The proportion of vapor and of air present is in propor- 
tion to the pressures they exert. This is Dalton’s law of mixed gases. 

Thus suppose that the absolute pressure in a condenser as shown by the 
gauge was 102 mm., and that a thermometer shows that the temperature of the 
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Tapon was 60° C. Prom the table we see that the pressure coiresponding to 

P 92.3 

this temperatoe is 92.3 nun., that is, ■— = -j—. The air pressure is 102 — 

92.3 « 9.7 mm. At the top of the condenser let this vapor meet cooling sur- 
faces at 15® C. and acquire a temperature of say 20® C. By the table we see 
that the steam pressure is now 17.6 mm., and, since the total pressure in the 
condeuserisl02mm., theair pressure is 102 — 17.5 = 84.6 mm. Each stroke 

84.5 

of the air pump would remove -“j- « 8.6 times as much air as it would have 

9.7 

removed under the previous conditions. 


The work of the air pumps can be enormously reduced by 

(1) Reducing air leakage; 

(2) Using no more injection water than necessary; 

(3) Reducing the temperature of the vapors going to the air pump to a 
minimum; 

(4) Using pumps with no clearance volume. 

Example. — Suppose 1000 kilograms of steam are sent to the condenser per 
hour and lose 600 calories (roughly) per kilo. Temperature of injection water 
is 15® C.; temperature of discharge water 43® C.; barometer 76D mm.; abso- 
lute pressure in the condenser is 102 mm.; temperature of vapor at orifice 
to air pump suction pipe is 20® C. As the amount of air in the sirup is small, 
it having been heated in clarification, and as the condensate from the first 
effect is used for boiler feed, we will assume in effects or vacuum pans that the 
injection water carries all the air into the condenser except air leakage. The 
latter will be assumed in this case equal to the amount of air carried in by the 
injection water. Assume that the volume of air at atmospheric pressure and 
at (273® + 15®) — 288® C., absolute, is 5 per cent of the volume of the water 
and that the efl&ciency of the air pump is 80 per cent. Find the volume of air 
pump displacement per minute: 

One kilo steam requires 600 -r< (43 — 15) » 21 kilos injection water. 

Each kilo of injection water contaiios 0.05 liter air at 760 mm. and 288® C., 
absolute. At 84.5 mm. and 293® C. absolute, this becomes 0.46 liter by apply- 
ing equations 

PiVi PiVi 760 X 0.05 84.5 „ 

■ sa - or sa ' " Kg. 

Ti Ta 288 293 


Displacement volume of air pump per minute is 


(21 X 1000 X 0.46)2 X 100 
60 X80 


402 liters. 


The effect of increased leakage or higher temperature of gases passing into 
'Ae condenser is readily calculated. 
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130. — ^Tablb a. — Properties of Saturated Steam at Different Vacua 

AND Pressures 


Vacuum 

Temp., 

F. 

Cubic 

Feet 

per 

Pound 

Latent 

Heat, 

B.t.u. 

Vacuum 

Temp., 

F. 

Cubic 

Feet 

per 

Pound 

Latent 

Heat, 

B.t.u. 

28 . 0 in. 

101.15 

339.6 

1035 

10 in. 

192.23 

39.21 

983 

27.5 

108.70 

275.2 

1030 

9 

194.52 

37.4 

981 

27. 0 

115.06 

231.9 

1027 

8 

196.73 

35.8 

980 

26.5 

120.56 

200.2 

1024 

7 

198.87 

34.3 

978 

26.0 

125.38 

176.7 

1021 

6 

200.94 

33.0 

977 

25.5 

129.75 

158.1 

1019 

5 

202.92 

31.8 

976 

25 

133.77 

143.0 

1017 

4 

204.85 

30.6 

975 

24 

140.64 

129.0 

1013 

3 

206.71 

29.5 

974 

23 

146.78 

104.5 

1009 

2 

208.52 

28.6 

973 

22 

152.16 

92.3 

1006 

1 

210.28 

27.7 

972 

21 

157.00 

82.6 

1003 

0 

212.00 

26.8 

970 

20 

161.42 

74.8 

1001 

1 lb. 

215.3 

25.2 

968 

19 

165.42 

68.5 

998 

2 

218.5 

23.8 

965 

18 

169.14 

63.1 

996 

3 

221.5 

22.5 

964 

17 

172.63 

58.6 

994 

4 

224.4 

21.4 

962 

16 

175.93 

54.5 

992 

5 

227.2 

20.4 

961 

15 

179.03 

51.2 

990 

6 

229.8 

19.5 

959 

14 

181.92 

49.0 

989 

7 

232.4 

18.6 

957 

13 

184.68 

45.5 

987 

8 

234.8 

17.8 

955 

12 

187.31 

43.2 

985 

9 

237.1 

17.1 

954 

11 

189.83 

41.1 

984 

10 

239.4 

16.5 

953 
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131. — ^Tablb B, Part I. — ^Prinoipaii Data from Tests of Sugar House 
Evaporators (E. W. Kerr) 

(Description of the Evaporators) 


Number 

Type (1) 

Number of Bodies 

Rated Capacity, Gal- 
lons per 24 Hours, 

75 Per Cent Evap- 
oration 

Length of Tubes, 

Feet 

Diameter of Tubes, 
Inches 

Heating Surfaces of 
Each Body in 

Square Feet 

Method of Remov- 
ing Condensation. 
See Footnote * 

Method of Venting 
(See Footnotes) * 

Number of Days 

Since Cleaned 

1 

A 

4 

290,000 


2 

4504.8 

/ 

he 

6 

2 

A 

3 

270,000 


2 




3 

3 

A 

3 



2 

3983 

e 

None 

3 

4 

A 

3 



2 

2579 

e 

hd 

0 

5 

A 

3 



2 


e 

Note 1 

0 

6 

A 

3 



2 

2855 

e 

None 

7 

14 

B 

4 



1 


Note 2 

d 

6 

15 

B 

4 

145,000 

9.5 

i 


Note 2 

d 

3.5 

16 

B 

4 

145,000 

9.5 

f 


Note 2 

d 

7 

17 

B 

4 

250,000 

13 

i 

3432 

e 

c ■ 

0 

18 

B 

4 

260,000 

13 

i 

3432 

e 

c 

0. 

23 

C 

4 

400,000 

7.26 

4.5 


9 

Spec. 

0 

24 

C 

4 

400,000 

7.25 

4.5 


9 

Spec. 

0 

25 

C 

4 

400,000 

7.26 

4.5 


9 

Spec. 

0 

27 

D 

•4 





/ 

Note 3 

3 

28 

D 

4 





/ 

Note 3 

2 

29 

D 

4 



. . . 


/ 

Note 3 


30 

D 

3 

MilSliiiiiil 

23 

. . . 

2112 

/ 

None 

0 

33 

E 

3 

220,000 

4 

2 


/ 

Note 4 

1 

34 

E 

3 


4 

2 

2683 

/ 

Note 4 

2 

35 

E 

3 


4 

2 

2683 

/ 

Note 4 

7 

38 

G 

4 


4 

2 

1529 

e 

h 

3 


Throu^ shell at side; through top tube sheet; c, direct to condenser; 
d, body to body; c, pumps each body; /, syphon body to body; (/, barometric leg 
pipe; h, each tube vented. 

Note 1. Vented through 12 holes ^ inch each, direct to vapor space. 

Note 2. Centrifugal pumps each body. 

Note 8. 2-inch vents at side, bottom, and top, body to body. 

Note 4. See Fig. 92. 

(1) A — “ Standard,’* vertical submerged tubes; B « Jelinek; C * Lillie; 
D Kestner; E = Webber’s “Standard”; G *= Sanborn. 
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t Based upon the assumed radiation and unaccounted for of 12 per cent. 



CHAPTER Xm 


PURGING AND PACKING THE SUGAR 

136. Centrifttgal Work. Curing and Packing.— The sugar is purged of 
molasses by centrifugal force in a machine called a '' centrifugal.” This 
machine is essentially a perforated drum or basket so arranged that it may be 
revolved at high velocity. The basket revolves within an iron casing called 
the “ curb ” which serves to catch the molasses and lead it to the conduit. 
The basket is lined first with a brass wire backing ” screen of 10 meshes to 
the inch inside of which is a perforated sheet of brass or bronze known as the 
“ lining.” The older type of lining was perforated with round holes having 
from 400 to 626 perforations to the square inch, but the screen now generally 
used has slotted apertures .012 X A inch tapered from the inside outward to 
more than twice the inside width in order to give a freer flow of the molasses. 
The slotted linings permit of the use of much heavier metal than the old round- 
hole type. The older centrifugal baskets were 30 inches in diameter and occa- 
sionally 36, but all modem factories use 40-inch centrifugals 24 inches deep 
and upward, which have a speed of about 1000 revolutions per minute. 

The massecuite is fed into the machines from a mixer which prevents the 
crystals from settling. The centrifugal usually receives its charge of masse- 
cuite while it is in motion, though it may be charged at rest. The basket is 
spun until the sugar is practically free of molasses. The molasses passes 
through the perforations of the lining and the crystals are retained. In making 
high polarization sugars and a white product, as soon as the surface of the wall 
of sugar appears in the centrifugal, indicating that little molasses is left, it is 
washed with water or special washes. This treatment removes the film of 
molasses that adheres to the crystals. Special washes are occasionally used 
to color the crystals to meet certain market conditions, e.p., the Demarara 
crystals. 

Centrifugals are sometimes arranged with double gutters to classify the 
molasses. After washing begins the molasses is directed into the second gutter 
and is returned to the pan-room for reboiling with rich sirup. This arrange- 
ment is not entirely satisfactory on account of the lagging behind of the heavy 
molasses first thrown off, which in part mixes with the wash. The classifica- 
tion is better accomplished by double purging as described farther on. 

Each sugar-drier or purger manipulates two and sometimes three centrif- 
ugals. A 40-inch by 24-inch centrifugal, driven by belts and working with one 
operative to two machines, should pm^e from 6000 to 6000 pounds of 96® 
polarization sugar per hour, the quantity varying with the skill of the operative, 
the quality of the massecuite and the facility with which the centrifugal may 

182 
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be started and stopped. This capa,city may be greatly increased by the use of 
mechanical dischargers, while self-discharging baskets will giye double this 
capacity. 

The discharger is a plow arrangement that is lowered into the basket, and 
directed against the wall of sugar. The basket is revolved slowly against the 
plow, which cuts down the sugar and pushes it out of the machine by the 
bottom valve. There are many maJces of these, all of the same general design, 
and their use is common in cane, refinery and beet-house work. 

The self-discharging basket has a steep conical section at the bottom and 
may or may not have a discharge-valve. The commoner type is without dis- 
charge-valve and has a deflector on the spindle or shaft to direct the masse- 
cuite toward the wall of the basket. In the other type, the valve may be 
raised while the centrifugal is running. The machine with a deflector is 
charged with massecuite while running. When the sugar has been purged 
and the centrifugal is stopped the sugar usually falls out of it without assist- 
ance. In the other form it is necessary to lift the valve before the centrifugal is 
stopped. These machines are used only \^th freely purging sugar of strong 
grain such as high-grade massecuites and refinery afi&nation magmas. They 
are not used for refined sugars because of the danger of contaminating the 
purged sugar with drippings of massecuite. 

The manufacture of white sugar demands special care in purging. The 
sugar is washed in the centrifugal with large quantities of water, from two to 
six gallons being required per charge in a 4fl-inch machine. A small quantity 
of ultrarnarine is sometimes added to the wash water to kill the yellow tinge 
of direct consumption sugars but is no longer used by bone-black refineries. 
The method of double purging gives the best results in washing plantation 
white sugars. 

136. Double Purging. — ^Two sets of centrifugals are necessary for double 
purging. The sugar is purged in the first set without washing or with very 
little water. It is then “ cut down ** into a mingling device and formed into a 
magma with sirup from the second purging. The magma is elevated to the 
second mixer and is purged in the second set of centrifugals with thorough 
washing. 

Double purging serves a two-fold purpose: It separates the dark, low- 
purity molasses of the first purging from the rich, light-colored sirup of the 
second. This sirup is of the suitable color and richness to permit reboiling 
with cane-sirup to make white sugar. The mingling process mixes the crystals 
thoroughly with the light-colored sirup. The friction of crystal against crys- 
tal promotes the removal of the adhering film of molasses. 

Double pmging was introduced into Cuba by Dr. Spencer to facilitate the 
handling of crystaUizer-sugar in the production of one grade of sugar and final 
molasses. (89) The crystallizer-sugar is purged without washing and the 
molasses from it is final. The sugar is discharged into a mingling screw-con- 
veyor and transferred to the mingler proper. The conveyor-screw is lubri- 
cated with first molasses or sirup diluted to about 78° Brix, and this molasses 
or sirup is also used in the mingler to form the magma. The mingler is simply 
a mixer. The naagma is pumped to the first machine’s mixer for immediate 
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purging or to a storage crystallizer to be used as a footing or seed ” in boiling 
massecuites. 

137. Packing. — Raw sugars are usually packed in jute bags for shipment, 
and in Cuba, without further drying than they receive in the centrifugals. 
Their moisture may be reduced by the use of superheated steam in the centrifu- 
gal. Raw sugars may also be dried in granulators or driers such as are used in 
the refineries (see page 179) provided they are of high test and clean crystal. 
This method of drying is very liable to result in a product that will harden 
or cake in the packages. 

The usual Cuban sugar bag holds from 325 to 330 pounds of centrifugal 
sugar, measures 29 by 48 or 30 by 50 inches and its tare is from 2.5 to 2.7 
pounds. Porto Rico packs in bags holding either 250 or 3l0 pounds and the 
Hawaiian Islands use bags of 125 pounds capacity. 

White sugar may be dried in the granulator or dryer or with superheated 
steam in the centrifugal. The crystals lose a part of their gloss in the granu- 
lator through friction with one another. The American market is accustomed 
to such sugar and possibly prefers it. The gloss is preserved in drying with 
superheated steam and it is such sugars that are made in Java for the home and 
East Indies markets. The steam should be heated to about 200^ 0. in a sep- 
arate boiler. 

Various tjrpes of conveyors are used in transferring sugar from the centrif- 
ugals to the packing-bins. Sugar should not fall directly from the centrifugal 
into the package, since under this condition it cannot be of uniform quality, 
and being moist and warm wiU tend to harden. Three types of conveyors are 
in general use: (1) Ribbon- or screw-conveyor. This is a screw or spiral 
ribbon that revolves in a trough and carries the sugar with it. The cross-sec- 
tion of the trough should be a parabola (2) Endless belt. The belt is often of 
curved-steel slats attached to a chain. This is a very efficient device, but has 
the objectionable feature of leakage of sugar. (3) Grasshopper conveyor. 
This is an efficient conveyor that is used very generally in factories of Scotch 
design. As is implied by the name, the motion of the conveyor is something 
like that of a grasshopper. A trough is arranged to move slowly forward, 
carrying the sugar, and then pull backward very quickly, leaving the sugar. 
Each stroke advances the sugar a certain distance. All parts of the conveyor 
are easily accessible for cleaning. The packing bins are generally large enough 
to permit some cooling of the sugar by keeping it in storage a short 
time. 

In most modern plants the sugar is discharged into the bags from auto- 
matic scales connected with these storage bins. These scales have been per- 
fected so that with careful supervision they deliver sufficiently exact weights 
for control purposes. (376.) 

138. Caking of Sugars. — Caking or hardening of both raw and refined 
sugars is a frequent trouble, particularly when sugar has been exposed to a 
sharp drop in temperature. The generally accepted theory of the cause of 
caking is that there is a supersaturated film of sirup around the crystals at a 
given temperature, and with a fall in temperature, or a reduction in the moist- 
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ure content of the hhn, crystallization starts up, cementing the original crystals 
of sugar together with these newly-formed, fine crystals.^ 

In accord with t^ theory (and also with Cuban experience), are some 
conclusions from a study of the immediate causes of caking of raw sugars by 
Wuthrich:* 

1. Sugar of High Moisture ConterU. — Sugar with a high moisture content, 
say 1 per cent and more, was found invariably to cake when brought into sur- 
roundings where part of its moisture evaporated or “ dried out.” On the other 
handj it was foxmd that caking did not occur as long as the moisture content 
remamed high. 

2. Sugar of Low Moisture Content, (0.3 to 0.4 Per Cent.). — ^Normal sugar 
with low moisture content will not cake, whether cold or hot bagged, as long 
as it is not exposed to a very humid atmosphere and later on to a diy atmos- 
phere. 

3. Quality of the Sugars, — ^The foregoing remarks refer to normal sugars.” 
For if the sugar be abnormally viscous and sticky, it will cake no matter 
whether it has a low- or high-moisture content; and no matter whether it is 
bagged cold or hot. 

Further, small grain sugar is much more susceptible to caking than large 
grain sugar. Especially sugar with high-moisture content cakes very soon 
when the grain is small. The smaller the grain, the larger the surface of a given 
quantity of sugar, and the greater the chance of its being cemented together. 

4. Temperature at Bagging. — ^Hot bagging of sugar of high moisture con- 
tent will increase the chance of caking considerably, since it helps the water to 
evaporate. Hot bagging of sugar of low water content does not influence the 
caking of normal sugar, but does do so when the sugar is abnormally viscous 
and sticky. 

5. Weather and Climatic Conditions. — From the above the conclusion 
may be drawn that weather conditions and change in these conditions, in both 
the country of origin and destination, and also a difference in the climatic 
condition of these countries, form a ^eat factor in the formation of caked 
sugar. 

6. Storage Conditions. — ^If the air in a warehouse becomes too hot or too 
moist, this will increase the chance of caking. 

It is seen that raw sugars which are of good even grain, wdfl dried, and not 
excessively gummy (good clarification) are not likely to cake. It has been 
shown elsewhere (p. 137) that these are the characteristics of a good keeping 
sugar (one that will not deteriorate in test). Packing raws cool and storing 
them in well-constructed, dry warehouses is also conducive to the prevention 
of caking. Nevertheless, practically all raw sugar will harden when exposed 
to freezing weather, softening again when the weather moderates. 

The caking of weU-made refined sugars is largely a matter of storage 
conditions. Sugar of irregular grain, particularly one containing an excess 
of dust, will tend to cake more easily while a sugar coming from the granu- 
lators with more than a trace (.03 — .05 per cent) of moisture will also cake in 
storage, but high-grade refined sugars are not generally subject to these criti- 
cisms. The usual cause of the difficulty is through the absorption of moisture 
from the surrounding atmosphere with a subsequent drying out or drop in 

1 H. S. Walker. Int. Sug. Jour., 25 (1923), 131. 

s Int. Sug. Jour., 25 (1923), 192. 
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temperature^ setting up the crystallization of fine grain in the moii^ure jGilm. 
This effect of atmospheric conditions during storage is now so well recognized 
that many American refineries, located in sections where high humidity pre- 
vails, have lately installed warm-air ventilating systems in their refined ware- 
houses, the idea beiog to keep the sugar in an atmosphere of lower rela- 
tive humidity ** than the outdoor air, thus preventing moisture absorption by 
the stacks of sugar. 

Wuthrich® gives an illustration of the effect of moisture absorption on 
high-test dry Java white sugars. Sugar from the same crystallizer was trans- 
ported for fourteen days in a hot humid atmosphere, part in open trucks and 
part in closed. The sugar conveyed in open trucks caked badly, that in closed 
trucks not at all. 

139. Classification of Raw Sugars. — ^The basis of the American market is 
usually a centrifugal sugar polarizing 96*". The corresponding sugar in Java 
is of higher test and is there called muscovado,” and in the American market 

Javas.” The next grade is 89® molasses sugar or seconds. This formerly 
was always a sugar crystallized at rest, but now low-testing grain-sugars are 
included. Muscovado sugar is that made by open-air evaporation and crys- 
tallization in coolers at rest. The molasses is removed by simple drainage. 
Such sugars are now rarely seen in the American market, the bulk of the raw 
product of the Tropics being of the 96® grade. 

Raw sugars entering the United States were formerly classified according 
to the Dutch color standard. Certain countries still retain this standard. 
The Dutch Standard is a series of sugars ranging in color from a very dark 
brown, numbered 7, to an almost pure white sugar, numbered 25. These 
samples are prepared annually in Holland. They are supplied to the sugar 
trade in small square bottles of uniform glass and size. Tropical 96® sugar 
usually falls below No. 16 of this standard. 

140. Classification of White Sugars. — ^The classification of the sugars 
produced by the American refineries is given on page 180. The plantation 
product is usually called Plantation White or Plantation Granulated. Java 
white sugars in order to meet the market specifications of the East Indies 
must grade above No. 25 Dutch Standard. 

141. Warehousing of Raw Sugars. — ^The full specification of a suitable 
warehouse is difficult to make. It is certain that the warehouse should be 
large and dry. There is difference of opinion as to whether it should be almost 
hermetically sealed during storage or open for free ventilation. The ware- 
house should certainly be closed on damp days on account of the deposition 
of moisture on the sugar with the reduced night temperature. Ventilation on 
dry days is undoubtedly beneficial. 

For calculating warehouse capacities it should be remembered that a 325- 
pound bag of sugar occupies approximately 6.5 cubic feet of space and covers 
a floor-space area of 7 square feet when lying flat. 

The subject of the detedoration of raw sugars in storage is dealt with in 
the subsequent chapter. 

* Loc. dU 
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KEEPING AND REPINING QUALITIES OF RAW SUGARS 


142. Introductory. — ^Recognition of the importance of the physical and 
chemical characteristics of raw sugars other than the polarization has been 
increasing during the past decade. Formerly a sugar approximating 96 test 
was generally the only aim, but to-day the best controlled factories strive for a 
sugar which will not deteriorate in storage and which wiH work well in the 
refineries. The prevention of loss of polarization and weight during storage 
and tranq)ortation is of great economic value both to the manufacturer and 
refiner; and although the working qualities of the sugar in the refinery interest 
the refiner more directly, the manufacturer is also concerned in order to avoid 
discrimination against his product. 

Kbiping Qualtit 

143. Control Laboratories.*— The first attempt to regulate the character of 
the raw product systematically was undertaken in 1914 by Dr. Spencer at the 
Central Control Laboratory of the Cuban-American Sugar Company at 
Cardenas under the immediate direction of the writer. (G. P. M.) Details 
of the methods used at Cardenas have been described by Tillery. ^ Later the 
Hawaiian Sugar Planters Association instituted a similar control and other 
sugar companies in Cuba and Porto Rico have since followed the same general 
plan. 

144. Desirable Characteristics.— In order that a sugar will not deteriorate 
in storage it is generally agreed that it must have the following characteristics: 

(1) Be fairly free from insoluble matter; i.c., boiled from a wefl-clarified juice. 

(2) Have a hard, uniform and fair-sized grain free from rolled grain ” or 
conglomerates. (3) Have a moisture content in relation to polarization to 
conform with certain '' factors of safety.” (4) Be an ‘‘ unwashed ” sugar; 
i.e., the crystals must be surrounded by their original film of molasses, (fi) Be 
xnanufactured under sanitary conditions to reduce contamination by fungi, 
yeasts, and bacteria to a minimum. 

145* “ Cleanliness ” of the Sugar.— The direct bearing of “ cleanliness ” 
on keeping quality might be hard to establish but sugars boiled from poorly 
clarified juices would seem more likdy to deteriorate. Particles of bagacillo 
and other organic matter hold moisture and serve as breeding places for micro- 
organisms while colloidal xnatter probably affects the formation of sharp hard 
grains in the pan-boiling. 

^ The Planter, December 3, 1921. 
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As a rapid test, dissolve a weighed amount of the sugar in hot water, shake 
and compare the suspended matter against standard tubes. A convenient 
method of reporting is on a scale of ten, No. 10 containing no suspended matter, 
No, 9, 20 mg. per 100 grams of raw sugar and so on up to 180 mg. per 100 
grams for a No. 1 sugar. A weekly check may be made by determining the 
insoluble matter ” by weight. This is done by dissolving 20 grams of the 
raw in 200 ml. of water, bringing to a boil, filtering through a tared alundum 
crucible, washing with hot water to remove all sugar, drying at 105® C. and 



Fig. 42. — ^Projeotoscope for Examining Sugar 
Crystals. 


weighing. The result in milli- 
grams multiplied by 5 gives 
insoluble matter per 100 grams 
raw.” Any sugar containing 
less than 40 mg. insoluble is 
extremely clean (No. 8 on clean- 
liness scale), while above 100 mg. 
is poor and marks the clarifica- 
tion of the factory as deficient. 

146. Character and Size of 
Grain, — ^The size and general 
character of the grain have sev- 
eral important functions in con- 
nection with deterioration. A 
uniform, fair-size grain will purge 
more freely in the centrifugals, 
making it easier to attain the 
proper moisture-sucrose ratio for 
safety. The larger grain presents 
less surface and will therefore 
absorb less moisture during ad- 
verse storage conditions as con- 
clusively proved by Owen,* while 
“ rolled grain,” conglomerates or 
grain clusters will occlude dilute 
molasses that may serve as an 
incubator for bacterial and mold 
growth. 

The size, regularity and for- 
mation of the grain can be 
examined by means of the pro- 
jectoscope, an improved form 
of which is shown in Fig. 42. 
It consists* of a Bausch and 


Lomb Micro-Tessar Lens, 72 mm. focus (C) mounted in a rack and pinion 
combination (2>) with suitable condenser (F). The 'light source is a 6-volt 
108-watt Mazda lamp in hoxising (Cf), the whole being mounted on an 


®The Planter, Vol. LXX, p. 68 (1923). 

® Meade. Ind. Eng. Chem., Vol. 13 (1921), No. 8. 
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“ optical bed '' ( H) with a 46® mirror (A) at the top to direct the projected 
image horizontally. A screen (preferably a plaster of paris plaque), is placed 
73 cm. away to give a magnification of 10 dimeters. 

A small amount of the sugar to be escamined is placed in a Petri dish (^), 
covered with sugarnsaturated alcohol, the grains being separated by rubbing 
gently with the ball of the finger. The image of the sugar on the screen may 
be compared with a series of grill*like squares drawn on the screen itself, giving 
the average size of the grains on a scale of ten. A No. 3 sugar is 0.4 mm. 
square; No. 4 is 0.6 mm.; a No. 6 is 0.8 mm. and so on. Most sugars fall 
between a No. 3 and No. 7, so squares representing these five sizes only need 
be drawn on the screen, multiplied by ten to allow for the magnification * 

Hardness ” of Grain , — ^Hardness of the sugar crystal is difficult of deter- 
mination; in fact some persons maintain that all crystals must be of the same 
hardness.^ The recent work of Paine and Balch * shows that colloids and ash 
constituents of pan sirups were distributed throughout the volume of individual 
sugar crystals. Such crystals might easily be more friable (“ softer ”) than a 
pure crystal. At any rate it is well recognized that many sugars feel soft when 
the crystals are rolled between the thumb and first finger, while others have a 
sharp, hard feeling and resist crushing to a greater extent. It may seem that a 
numerical expression of this characteristic involves too great a personal error, 
although it has been proved that two trained observers can check with 
practice. 

147. Moisture Content and the Safety Factor.” — ^The importance of 
moisture content as an infiuence in the deterioration of sugars is now undisv 
puted and it is agreed that the moisture percentage must be closely con- 
trolled. (The Spencer Oven (248) is particularly well adapted to moisture 
control of sugars.) The relationship between the percentage of water and the 
non-sucrose has been shown to be the determining factor, since the micro- 
organisms which cause deterioration cannot work in solutions of high density. 
The Colonial Sugar Company of Australia were the first to state the limits of 
this rdationship in a widely known “ Safety Factor ” which prescribes that the 
mokture must not exceed one-third of the non-sucrose; or expressed numer- 
ically 


Mokture 

100 — Polarization 


.333 or less. 


Many investigators have studied thk point and they agree that this 
“ factor of safety ” is too high for many sugars and that to cover all cases the 
relationship should not exceed one-fourth; that k for positive safety 


Mokture 

100 — Polarization 


.260 or less. ^ 


These factors are calculated on the chart (Fig. 43) for polarizations ranging 
from 94.0 to 98.0. The use of the chart k simple. On the vertical scale at 

* Norris. The Planter, Vol. 60, Nos. 4 and 6. 

^ Facts About Sugar. June 12, 1926. 
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the left-hand note the polarization of the sugar, and on the horizontal scale 
at the bottom the moisture. FoUow the horizontal line out from the polariza- 
tion natil it crosses the vertical line from the moisture. If the lines cross to 
the right of the heavy line marked Safety Factor of .250 ” the sugar will be 
almost sure to keep in storage; if it falls between the two lines it will probably 
keep provided aU considerations such as warehouse conditions, character of 
grain, degree of contamination with micro-organisms, etc., are favorable; *• ^ 
whereas if the lines cross to the left of the lighter line marked Safety Factor 
of .333 it will almost certainly lose in polarization if stored for any length of 
time. It is obvious that the greater the failure to conform to the safety factor 
the more rapid and severe the deterioration is likely to be. 



As an example of the use of the chart: A sugar polarizes 96.2 and has a 
moisture of 0.90 per cent. It is within the “ safety zone.” If the moisture 
of a sugar of the same polarization were 1.05 per cent it would fall in the doubt- 
ful zone whereas a moisture of 1.35 per cent at 96.20 would definitely mark the 
sugar as likely to deteriorate. 

Browne ^ has shown that a mixture of a safe ” sugar and one having too 
high a moisture ratio may show a safe ” average but the crystals too high in 
moisture will deteriorate and become foci of infection for other crystals. 

“ Washed ” Sugars . — ^The safety factors outlined in the previous section 
depend upon the density of the molasses surrounding the crystals and are valid 
only for sugars carrying the origin^ film of molasses; The practice of wash- 

« Browne. J. Ind. & Eng, Chem,, p. 190, 1918. 

^ N. & L. Kopeloff. La. Bulletin No. 175, 

* Log. dt. 
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ing raw sugars deprives their films of the protective action of the original 
molasses.”® 

Owen and others have also noted that the factors are not dependable for 
sugars which have already undergone deterioration. So it is evident that the 
polarization and moisture determinations should be made as the sugar leaves 
the centrifugals in order that positive assurance of keeping quality may be 
had. 

Bacterial, Yeast and Mold Contamination. — ^Extensive studies by many 
investigators, including Kammerling, Grieg-Smith, Owen, Browne, the Kopel- 
offs, Van der Biihl and others have demonstrated beyond question that the 
loss of sucrose in raw sugars during storage is due to the action of certain types 
of micro-organisms in the film of molasses surrounding the crystals. The 
ordinary soil bacteria, certain types of yeasts (torulae), and various mold fungi, 
as well as combinations of all three, have been shown to be the actuating 
influence in different cases. Owen^° sums up the recognition of the various 
forms of infection as follows: ” Bacterial deterioration occurs only in dilute 
molasses films and gives abnormal Clerget values. If a sugar which was dried 
to a proper moisture ratio when maniifactured evidences this type of deteriora- 
tion excessive exposure to moisture during storage is indicated. Increase of 
polarization and loss in reducing sugars suggests the action of torulae, in which 
case there may be no real sugar loss. Losses in polarization without moisture 
absorption are almost invariably due to mold fungi if the ** safety factor ” is 
vrithin the 0.333 zone. In such' cases a careful study of sanitary conditions 
in and around the centrifugal and packing departments may discover and 
prevent the recurrence of this costly infection.” 

When it was first discovered that deterioration in storage was due to the 
action of micro-organisms it was thought that bacteriologic methods would 
become as essential to sugar-house control as the chemical routine. It is now 
thoroughly demonstrated that good clarification, good pan boiling, proper 
moisture control and reasonably sanitary manufacturing conditions (particu- 
larly at the centrifugals) will produce a sugar that will not go off in test during 
ordinary storage periods, so that bacteriologic methods need not be made use 
of except in the rarest cases and then only by experts called in for the purpose. 

Repining Qxjalitt 

148. General Considerations. — ^The -characteristics desired by the refiner 
are (1) a sugar that will wash ” well, t.e., give a maximum yidd of washed 
sugar of high purity with the use of a minimum quantity of wash water in the 
centrifugals, thereby assuring a relatively small amount of “ raw sugar wash- 
ings ” or “ aflfination sirup,” (Sec. 158); (2) a sugar that will filter rapidly in 
pressure or bag filters; and (3) a sugar of such color that it will be decolorized 
readily during char filtration. 

Besides these primary characteristics the refiner also prefers a sugar of low 
ash-glucose’ ratio because such sugars in general give higher yields of granu- 

® Owen. Facts About Sugar, March 25, 1925, 

^0 Facts About Sugar, June 30, 1925, 
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lated sugar, also a low sulphate content in the ash to avoid scaling evaporator 
tubes and to insure freedom from turbidity in fboal sirups. It is obvious that, 
other conditions being equal, the higher the polarization the easier a sugar is 
to refine, but i)olarization is not a criterion of refining quality. 

While the above statement of desirable characteristics would be concurred 
in by practically all refiners, agreement as to methods for determining these 
characteristics would be difiBicult to obtain. Wayne says ** it is our belief 
that if the sugar conforms to certain specifications for color, grain and filtra- 
bility that most of the other considerations are automatically taken care of at 
the same time.” Home outlines certain laboratory tests with a view of 
paralleling house conditions, such as washing in a small centrifugal; filtration 
through bag filter<cloth; and decolorization by means of powdered boneblack. 
Other refiners feel equally sure that only actual practice in the refinery will 
demonstrate the refining quality. 

The producer of raw sugar looks at the question from a different angle 
entirely. His first concern is for keeping quality, after which he is anxious to 
please the refiner only insofar as it is commensurate with highest yield and 
econoioaic factory methods. It is safe to say that the producer of a “ clean ” 
well-boiled sugar of mediumnsize grain and fair color, with low “ dye value ” 
(i.e., good clarification) need not concern himself with any of the more 
elaborate tests listed below. 

149. Washing Qiudity ” — Size and Character of Grain The same con- 
siderations which make size and uniformity of grain desirable for good keeping 
quality hold for a sugar which will' work well in the refinery wash-plant cen- 
trifugals. A hard, uniform, medium-size to large, crystal purges freely, pre- 
sents less surface for the wash-water to act upon and in turn carries less 
molasses on its surface to be removed by the washing process. Conglomerates 
and fine grains form a mat in the centi^ugals, do not drain freely and require 
more wash-water which dissolves the crystal more easily because of the greater 
surface presented, giving an excess of afiSnation sirup. The methods of pan- 
boiling used in making the raw (see pp. 92-97) also influence the ^ hashing qual- 
ity ” greatly. If the nucleus of the crystal (“ seed grain ”) is dark colored this 
color will remain in the washed sugar and the resulting melted liquor will be 
dark colored also. 

The size and character of the grain as determined by the projectoscope for 
keeping quality will also serve for the washing quality. 

Laboraiory “ Washing ” Test (Home). — Mix 100 grams of raw sugar with 
45 ml. water, shake to saturation and strain through small piece of cotton 
cloth. Pour this sirup, which should be 92 ml., into the laboratory centrifugal 
basket with 200 gms. of the raw sugar, mix, and spin until dry. The weight 
of washed sugar left in the basket, divided by 2 gives the percentage yield of 
waited sugar. 

160. Filtrability. — Importance to the Refiner, Most refiners now add an 
inert filter-aid such as kieselguhr to the washed sugar liquor and filter through 
pressure filters; some few stiU use phosphoric-add and lime defecation and bag- 

The Planter. August 16, 1926. 

J. Ind. Eng. Chem., Oct., 1918, 
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filters; wlule one or two have the Williamson Clarification System which uses 
phosphoric-acid and lime but no filtration. In general a raw sugar which 
works well in any one of these systems will work well in all of them, and the 
term “ filtrability is here used to include the defecation as well as the removal 
of the precipitate, no matter what the material or means used. The wide 
variation in the filtering quality of different sugars and its effect on costs has 
long been recognized, since a poor filtering sugar not only riows up the entire 
refining process but also requires more defecating material or filter-aid, both 
of which are costly. 

CoUoids and Filtrability . — ^Investigations as to the cause and the direct and 
indirect measurement of this quality have been numerous in recent years. 
The work of Walter E. Smith and others in Hawaii and of BadoUet and 
Paine on Cuban raws have shown the close r^tionsbip between filtrability 
and colloids and the finer dispersoids. Smith showed a direct relationship 
between filtration rate (by the Elliot test) and “ non-settling matter ” which is 
the suspended matter not removable by filtration through fine linen, or by 
centrifugiog. This “ non-settling matter ** Smith claimed to be largely cane- 
wax which the clarification had failed to remove. He further showed that the 
raw sugar solutions after filtration through the Elliot apparatus, i.e., after the 
colloidal material had been removed— filtered as rapidly on r^tration as a 
refined sugar solution of the same density. R. H. King^^ failed to corroborate 
Smith's findings, particularly as to the importance of cane wax, his concltisions 
being that the cause of the retardation of the filtration rate is the presence of 
gelatinous colloidal suspensions, both inorganic and organic, which form a 
pasty mass on the filtering medium and stop the flow of the filtrate. These 
gelatinous suspensions in the raw sugar are mainly due to the poor clarification 
of the juice. 

BadoUet and Paine correlated the actual filtering qualities of a number of 
sugars in a large refinery, their coUoid content by ultrarfiltration, and their 
‘‘ dye test value ” (a rapid method of estimation of coUoids as described below) 
showing that the filtering qualities were inversely as the coUoid content and 
the dye test value, i.e., coUoids or coUoidal material are the cause of poor filter- 
ing quality. 

Elliott Filtration Apparatus. — ^R. D. EUiot devised an apparatus which is 
described by A. A. Blow^]i« as foUows: 

“ Each filtering unit consists of a leaf 4 inches in diameter, equipped with 
a coarse-mesh screen on each side, over which standard cotton filt^-cloth is 
fastened. For each filter leaf there is provided a trough to hold the unfiltered 
solution, a bottle to receive the filtrate, and a short piece of vacuum tubing to 
connect the leaf to the filtrate bottle. Each filtrate bottle is connected to a 
vacuum manifold which in turn is connected to a vacuum pump. 

“ A 1500-gram sample of the raw sugar to be tested is dissolved in 1500 
grams of water at room temperature (20 C.). Thirty grams of kieselguhr, 
or 2 per cent on the weight of sugar taken, is added to the solution and mixed 

^The Planter. October 11, 1924. 

The Planter. December 25, 1926. 

18 The Planter. 79 (1927), 221, 242, 287. 

Facts About Sugar. August 8, 1925. 
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thoroughly. After passing through an 18-mesh screen the prepared solution is 
transferred to the unaltered liquor trough in which the covered fUlter leaf has 
been placed. After allowing the solution to stand for two minutes without 
further agitation, the vacuum is api)lied in such a way that it increases to 26 
inches in two minutes. With the aid of a mercury seal the vacuum is main- 
tained at 26 inches for the duration of the test. At the end of 30 minutes the 
test is complete, the vacuum is broken and the filtrate weighted. 

“ The weight of filtrate in grams, divided by 2658 and multiplied by 100, 
gives the filtration eflaciency of the sugar. The standard weight of 2658 grams 
of filtrate, representing 100 per cent ejfficiency, was adopted simply because it 
happened to be the quantity of filtrate obtained from the best filtering sugar 
available at the time the test was developed. It was found that a standard 
sugar is not necessary, provided that a uniform cloth is available and all other 
conditions of the test are maintained constant. 

“ It should be mentioned that the temperature must be kept uniform, as a 
difference of two or three degrees centigrade makes an appreciable difference 
in the result. The test is conducted at room temperature because of the dif- 
ficulty of maintaining uniform high temperatures, particularly when using 
vacuum. This is a radical departure from operating conditions, but it adds 
greatly to the simplicity of the test.” 

The use of a refined sugar solution as standard has been adopted by most 
investigators who have used this apparatus. The filtration in the cold has been 
objected to as not giving results comparable with filtrability as found in actual 
practice. 

151. ** Dye Test.” — ^This is a simple and rapid method for the approximate 
detennination of the quantity of colloidal material in sugars and sugar solu- 
tions. The description here given is abstracted from the articles by Badollet 
and Paine of the Carbohydrate Division of the U. S. Bureau of Chemistry who 
devised the method.^^ 

The flocculation of colloids may be accomplished by the addition of free 
ions with an electric charge the opposite of that of the colloidal particles, or 
by adding a quantity of oppositely-charged colloid sufficient to produce mutual 
dectric neutralization. In general, the colloidal particles in sugar products 
are negatively charged. When a negatively-charged colloid is mixed with a 
positively-charged colloid in a certain proportion, a point of electrical neu- 
trality is reached at which the charges exactly neutralize each other, frequently 
causing mutual colloidal fiocculation, and producing a precipitate that settles 
out of solution. If at this so-called iso-electric point ” the liquid containing 
the suspended fiocs is examined with an ultramicroscope fitted with a cata- 
phoresis apparatus, no movement of the colloidal particles or aggregates 
toward either electrode is observed. (Cataphoresis is the migration or pro- 
gression of colloidal particles in a solution under the influence of an electric 
current.) 

The cataphoresis apparatus consists of a U-tube, the center portion of 
which is capillary, and which has a platinum electrode in each arm (Fig. 44). 
The apparatus is fastened rigidly under the microscope, through which the 
motion of the colloidal particles in the capillary is observed. When the col- 
loidal solution has been mixed with a po^ipn of the solution containing the 

Int. Sugar Journal, Vol. 28 (1926), pp. 23-28, 97-103, 137-140. 

The Planter. Vol. 7$ (1927), No. 7. . 
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oppositely-charged colloid, it is poured into the cataphoresis cell, and an elec- 
tric potential is impressed on the electrodes. If the colloids present in the 
solution are not at a point of electrical equilibrium, they will progress toward 
the positive electrode if their charge is negative, and toward the negative elec- 
trode if their charge is positive. If they are at the “ iso-electric point,” the 
point where the electrical charges are exactly neutralized, they wifll show no 
progression toward either electrode. 

The electric charges of the colloids in sugar liquor may be neutralized by 
any of several dyes, night blue being the one used most extensively, due to the 
fact that it produces the most rapid flocculation and a precipitate that settles 
most rapidly. In making the test 1 gram of the solid dye is dissolved in dia- 



Fig. 44. — Dye Test Apparatus. 


tilled water, and made to the mark in a liter flask. The solution to be tested 
should be flrst adjusted to some standard pH value. This standard is set at 
6.2 in the case of raw cane juice and defecated juice, and at 6.0 in the case of 
other raw house and refinery products. The pH of the solution to be tested 
should always be recorded, since the dye number varies markedly with pH, * 
The “ dye number ” is calculated as follows: The weight of dry solids used 
in the test is determined, either by weighing beforehand, as in the case of raw 
and washed sugars, or by measurement and the use of the specific gravity or 
the refractive index. Then the number of milliliters of dye solution neces- 
sary for neutralization of the colloids in the sugar solution, multiplied by 100, 
and divided by the weight of dry solids used in the test, will be th6 dye 
number ” of the substance in question. 
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162. Tedmic of the Dye Test . — Procedure No. 1 for Raw and Washed 
Raw Sugars. Five grams of the sugar are dissolved in 25 ml. of distilled 
water, and the solution is filtered through a lOd-mesh screen, which is then 
washed with small quantities of water. The filtrate and washings should be 
combined and diluted to a volxime of 100 ml. in a 600 ml. beaker. A raw sugar 
solution prepared with distilled water will generally have a pH value of about 
6.0, and adjustment of pH is not usually required. If, however, the pH value 
is found to vary from 6.0 by more than 0.2 or 0.3, the pH of the solution should 
be adjusted to the value 6.0 in order that all raw sugars examined may be on a 
eomparable basis so far as influence of pH is concerned. The pH of the raw 
sugar liquors may be adjusted by the addition of small amounts of 0.05 normal 
sodium hydroxide or hydrochloric acid and tested separately with an indi- 
cator solution in any convenient comparator. 

Ten milliliters of the standard dye solution is added to the 100 ml. of sugar 
solution, which is then tested in the ultramicroscope. If the colloid particles 
move toward the positive electrode they still carry a negative charge, in which 
case the stopcocks are opened and the solution is drained into the original 
beaker, more dye solution is added, and after mixing weU, the sugar solution 
is retested in the cataphoresis cell. This process is repeated until the colloid 
floes fail to move progressively toward either anode or cathode when current Ib 
applied at the electrodes. 

For example, suppose that the sugar solution required 20 ml. of dye solu- 
tion for adjustment to the neutral or isoelectric point (zero progressive move- 
ment of the colloid floes) . Then 

20 X 100 

400, the dye value of the sugar tested. 

5 

As a check on the electric neutralization of the colloid particles, add a small 
excess of the dye after the neutral point is reached. This will reverse the elec- 
tric charge in the colloid particles, causing them to become positively charged 
and to move toward the cathode. The volume of dye solution used in the cal- 
culation of the dye value should, of course, be that which jiLSt causes electric 
neutralization. 

Procedure No. 1 is sufficiently accurate with raw sugars of a moisture con- 
tent as high as 2 per cent, but for sugar of a higher moisture content it is prefer- 
able either to dissolve the sugar to a lO*’ Brix solution and use Procedure No. 2, 
or to weigh out 5 grams of the sugar, as in Procedure No. 1 and correct for its 
moisture content. 

It is advisable to wash a portion of each sample of raw sugar examined to 
99 purity and to determine the dye value of the washed sugar as well as that 
of the original sugar. The purpose of this scheme is to ascertain the relation 
between the quantity of colloids eliminated by washing and the quantity 
remaining in the washed crystals. This step is important in view of affina- 
tion of the raw sugar before filtration and subsequent treatment of the melt. 
Haw sugars of good refining quality when washed to 99 purity give a dye value 
of approximat^y 100 or less, whereas some raw sugars of poor refining quality 
when washed give dye values well over 100— sometimes as high as 200. 



DYE TEST 


147 


Procedure No. B for Raw Cane Juices D^ecated Juice^ Filter Press Juice, 
Massecuiles, Sugar, Sirups and Molasses. — ^The dye value of the raw cane 
juice, defecated juice, and fOiter press juice may be determined at the original 
density. But for znassecuites, sugars, sirups, and molasses, considerable time 
may be saved by diluting an aliquot of the double diluted laboratory sample to 
100 ml. for the dye test. * Use distilled water. Weigh out a definite quantity of 
diluted liquor using a sample of such size that 16-25 ml. of the dye solution is 
required for neutralization and base the dye value calculation on the percentage 
of solids in the weighed sample. The percentage of solids in the weighed sample 
can be calculated with suJQGicient accuracy from the refractive index or specific 
gravity by hydrometer. The pH may be adjusted by the addition of 0.05 
normal hydrochloric acid or sodium hydroxide if required; 5.2 being a con- 
venient pH for raw and defecated juice while 6.0 is best for other sugar-house, 
products. 

After the pH is adjusted (if required) 10 ml. of dye solution is added and 
mixed thoroughly with the 100 ml. of liquor, after which the test is carried out 
as in Procedure No. 1. 

153. Miscellaneous Notes on the Technic of the Dye Test. — 1. The volt- 
age across the cell should be around 200 volts. This can be easily procured by 
a battery of five forty-five volt radio “ B ” batteries. A 50-watt lamp should 
be connected in series with the cell. The switch controUiog the voltage across 
the electrodes should be of the reversible type, in order to eliminate polari- 
zation. 

2. Adjust the microscope carefully, so that it is focused at a point in the 
vertical central plane of the capillary at a distance of 0.293 times the radius 
of the capillary below the upper wall of the capillary. This focusing may be 
best accomplished by the following method: First see to it that the micro- 
scope is in the central plane of the capillary, and then focus on the upper wall 
of the capillary by using a suspension of powdered granulated sugar in sugar- 
saturated alcohol, and focusing rapidly on the highest visible particle before 
the suspension has had the time to settle. Then allow the suspension to settle, 
and after recording the reading of the vernier on the milled head, the micro- 
scope is focused on the lowest particle in the capillary. One-half the number 
of turns on the nulled head (expressed to lOOths) necessary to change the focus 
of the microscope from the upper to the lower wall is multiplied by 0.293, and 
after re-focusing on the upper wall of the capillary, the microscope is turned 
down the calculated fraction of a tum.“ 

3. Keep the stop-cocks of the cataphoresis cell well greased. 

4. In Mng the cell, be sure that the liquid overflows at the top stop- 
cock so that no air will be retained in the closed chamber. 

5. In making a test, be sure that the stop-cocks are well closed. 

In some cases, where the microscope is equipped with an objective of 8 mm. 
or less focusing distance, it will be impossible to focus on the lower wall of the 
capillary, in which case it will be necessary to determine the radius of the capillary 
in terms of turns of the fine adjustment of the microscope by means of an objective 
of greater focus (for instance 16 mm.), and then focusing on the upper wall with the 
higher-powered objective and lowering it the calculated amount. 
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6. When the cofloidal particles are observed through the microscope 
(after the instrument is correctly adjusted), they should not show any pro- 
gressive movement (neglecting brownian movement) toward either electrode 
when the current is not applied. If the particles continue to move when the 
current is off, look for a leak in the stop-cocks or for air-bubbles in the closed 
chamber or for cracks in the glass. The colloid particles must show no pro- 
gressive movement whatever before making a test. 

7. Always mix the dye solution and sample thoroughly before making a 
test in the cataphoresis cell. Try to standardize the test as much as possible, 
regarding original amount of dye added, number of milliliters added in suc- 
cessive fractions, time of stirring and standing, etc. 

8. The cell should be cleaned every few days. Alcohol or dilute hydro- 
chloric can be used satisfactorily, but it is necessary to remove all traces of the 
cleaning substance before another test is made. 

164. Color of Raw Sugars.-- The amount and character of the color of a 
raw is of obvious importance to the refiner. The factors which influence color 
of raw sugars are the character of soil supplying the factory with cane, the 
ripeness of the cane, the clarification of the juice (particularly as to the avoid- 
ance of excess lime salts), the methods of pan-boiling (sec page 92), and the 
prevention of overheating and caramelization throughout the process. T. B. 
Wayne made an extensive study of adsorption of coloring matters in sugar 
products by boneblack, using spectrophotometric color analysis. He found 
that the reddish color due to the caramelizing action of lime and heat on invert 
sugar is not necessarily the most dfficult type of color to remove, as has so long 
been supposed by refiners. This red coloring matter is less easily removed 
when small proportions of char are used, as in most laboratory tests, but when 
the ratio of char to liquor is increased the adsorption curve of the reddish 
sugars continues in a straight line to almost complete removal, whereas for 
greenish-gray sugars the initial color removal is greater for small char-ratios 
but falls off when the ratio of char to liquor approaches that of actual refinery 
conditions (60 per cent to 100 per cent). In other words the residual color 
after intensive char-filtration will be greater with greenish-gray sugar (color 
due to colloidal iron) than with reddish sugars (color due to incipient caramel- 
ization). The resultmg refined sugars from the liquors in the first instance 
will have an ugly dead gray appearance. 

A complete discussion of color-determination methods is given in Chapter 
XXIII and the methods for raw sugars on page 337 of the chapter on Analysis 
of Sugars. 

Ini Eng. Chom., VoL 18 (1926), No. 8. 



CHAPTER XV 


SUGAR REFINING 

166. Introductory. — ^The process of cane-sugar refining is simple in theory, 
but very complex in actual practice. The working up of the lower-grade 
materials, the handling of the sweet-waters and the control of the bone-char 
filtration involve an enormous amount of detail, much of which cannot be 
fully considered in this chapter for reasons of space. 

The narrow margin,” or difference between the price of raw and refined 
sugars, has tended to cause the concentration of the industry into large units. 
Shipping facilities and the multiplicity of grades of refined sugar have also 
helped in bringing about this concentration. Practically all the refined sugar 
used in the United States is now produced in about 20 large refineries situated 
in the principal seaports. 

Until very recent years a traditional conservatism on the part of refiners 
prevented the publication of investigations relative to the industry. This 
dearth of literature on refining has led to the false impression among those 
engaged in other branches of sugar work that the process was “ cut and dried ” 
and devoid of scientific interest, but during the last few years many articles 
by refinery men, particularly on the subject of char filtration, have appeared 
in the scientific journals. A reference book called ” The Elements of Sugar 
Refining ” by Bardorf and Ball ^ has also been published. 

166- Definitions. — ^Formerly refineries were divided into two classes; those 
which produced only the pure white granulated and its modifications, and 
those which made both the granulated sugar and ** softs,” or the sof1>-grain, 
white and yellow sugars of lower purity. Soft-sugar ” refineries, as the latter- 
class were called, generally melted raws of a lower test and had larger char- 
filter capacity than the “ hard-sugar ” houses, but this distinction has now 
entirely disappeared. This change has come about in part through the 
decrease in the demand for soft sugars and also because most of the raw sugars 
now available for refining are of 96® polarization or above. Furthermore, the 
refiners found that many of the expeients used by the ” soft sugar ” refineries 
for obtaining low test liquors of bright color were uneconomical and that simi- 
lar results could be secured by the more economical methods used in the 
“ hard sugar ” plants. 

The term " liquor ” is used in refining to refer to a heavy sugar solution 
from which no sugar has been removed by crystallization; that is, since its last 
treatment or char-filtration. “ Sirup ” refers to a heavy solution from which 
sugar has just been crystallized, and corresponds to the molasses ” of the 

^ Chem* Pub. Co., 1925. 
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raw factory. A sweet-water ” is a wash-water which contains sufficient 
sugar to warrant recovery. A magma ” is a mixture of crystals and sirup— 
the massecuite of the raw house. The term massecuite is also very generally 
used in refining. Dissolving is described as “ melting ” the sugar, and the 
amount of raw sugar handled in twenty-four hours is termed the “ melt.” 

157. Raw Materials. — Centrifugal sugars of 96® test or above form by far 
the larger proportion of the melt of the refineries. The present tendency, how- 
ever, is for the raw-sugar factories to produce sugars of higher test than 96® 
with a view to obtaining better storage qualities. The lower-grade sugars, 
cane seconds or molasses-sugars, muscovadoes, Philippine mattes and con- 
crete-sugars, paJm-sugars, and others are now produced in such small propor- 
tion that little considera- 
tion need be given them 
by the refiner. 

The character of the 
raw sugars received by the 
American refiners is indi- 
cated by the following 
statistics of the New York 
Sugar Trade Laboratory 
which represent all the 
sugars arriving at the port 


96.5 

96.0| 

I 
1 “ 

§ 

96.0 

94.6 


1 

1 

Veai 

New' 



rty A 
^ovki 

— 1 
veras 
Sugar 



— 1 
Po 
Trade 



— i 

lariza 

Labo 

— 

tion 

ratoiy 






96.41 

/ 

1 

1 

1 

1 

1 

1 

1 

a 

a 

a 

1 

I 

1 

s 

a 

i 

a 

a 

a 

a 


■ 

1 

1 

1 

1 

a 

a 

a 

a 


Fig. 45. — ^Average Raw Sugar Polarizations. 


test of all samples received 
during the years 1908 
and 1927, inclusive, are 

shown in the chart, Fig. 45. A comparison of the distribution of the various 
grades for 1914 and 1927 is as follows: 


Sugar Testing 

Per Cent of the Total 
Number of Samples 

1914 

1927 

Above 98® 

0.924 

0.497 

97-98 

9.453 

15.082 

96-97 

38.602 

65.313 

95-96 

31.037 

15.602 

94-95 

8.041 

2.643 

93-94 

3.005 

0.205 

92-93 

1.009 

0.229 


It wiU be seen that in 1914 less than 50 per cent of the samples were above 
96® test, whereas in 1927 about 81 per cent were above this grade. It is highly 
probable also that the major portion of the samples between 95 and 96 were 
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deteriorated sugars originally made above 96 test. These figures all show 
the tendency towards high-test raws and also the universal practice of making 
one grade of sugar only. (See p. 90.) 

The raw sugars arrive at the refinery in various kinds of packages. Jute- 
bags containing 300 to 330 pounds each are received from the West Indies. 
Hawaiian and Central American sugars are packed in smaller jute-bags. Java 
sugars are packed in palm-leaf baskets. Formerly barrels and hogsheads were 
used for muscovadoes and concrete-sugars. Each package of sugar is weighed 
and sampled before it is dumped. 

The raw sugar is dumped into bucket-elevators and is carried to the min- 
glers. Most of the larger refineries have recently installed storage-bins for 
raw sugars which are placed above the minglers. The packages of sugar are 
hoisted directly from the ship and after weighing and sampling are emptied 
into the bins. Sufficient sugar is dumped during the day to supply the refinery 
for the twenty-four hour period and the sugar is fed continuously by scroll 
conveyors from the bins to the minglers. This method of storage materially 
reduces the cost of handling the raw sugars. 

The empty jute-bags are washed with hot water for the recovery of the 
adhering sugar, dried and sold. The wash or “ sweet-water ” is mixed with 
other similar solutions and is evaporated to a sirup and thus enters the manu- 
facture. The palm-baskets are steamed and then burned under the boilers 
in specially constructed furnaces. Hogsheads and barrels are steamed and 
sold in the rare cases that these are received. 

158. Affination. Washing the Raw -Crystals. — ^The first step in the process 
of refining is termed affination,” or more commonly washing,” and consists 
of removing the adhering film of molasses from the surface of the raw sugar 
cr3rstal. The molasses film has a purity of 65 or lower, depending on the class 
of massecuite from which it was boiled in the raw factory, while the crystal 
itself is nearly pure sucrose. The separation is accomplished by noingling the 
raw with a heavy sirup (66°-70® Brix) and then purging the mixture in cen- 
trifugals, washing with water after the sirup has been spun off. 

The raw sugar enters the minglers, which are heavy scroll conveyors fitted 
with strong mixing fiights, and is then mixed with water at the beginning of the 
run to form a heavy cold magma or mash which drops into a mixer of the same 
style as those used in raw sugar work. With the mingling and the mixing the 
added water dissolves the molasses film (and a small part of the sucrose of the 
crystal) and forms a heavy sirup. The magma is then purged in centrifugal 
machines, the self-discharging type, either bdt-driven or electric, being gen- 
erally used for “ wash-plant ” work in American refineries. After the sirup 
has been spun off, the sugar in the centrifugal basket is sprayed with water 
(6-10 quarts per 40-inch machine) and the washed sugar is dropped from the 
machine to be sent to the melter as described below. The affination process if 
properly conducted should yield a light-colored washed sugar of close to 99 
coefficient of purity. 

The sirup purged from the mash is returned to the minglers for mixing with 
the incoming raws instead of water. It is evident that with the successive 
minglings and purgings the '' raw sugar washings ” (also called ” wash sirup ” 
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and " raw greens ”) will become lower and lower in purity and will increase in 
amount much beyond the needs of the mingling process. That portion of 
the raw sugar washings not used for the mingling is heated and diluted to 
about 54® Brix with dark sweet-waters, after which it is pumped to the defe- 
cators. In order to reduce sugar losses through material being on hand too 
long, it is usual to start the mash with fresh water once every twenty-four hours, 
all the washings on hand at that time beiag pumped to the defecators. The 
portion of the washings used for mingling (called sirup for washings ”) is 
diluted in some refineries to 65° Brix or is warmed to 120°-125° F., or both, the 
object being to reduce the viscosity and facilitate the removal of the dense 
molasses film on the raw crystals. No control, other than appearance, is kept 
on the character of the mash from the minglers, the only requisite being a good 
mixture of such a consistency that it wili purge rapidly. 

The “ raw sugar washings ” vary in purity from 74° to 80° and constitute 
from 14 per cent to 18 per cent of the weight of the raws melted (after dilution 
to 54° Brix in the defecators). The amount of raw sugar washings will be 
greater as the test of the melt is lower. The character of the grain (Sec. 149) 
will also affect the amount; a small, soft-grain sugar giving more washings 
than a well-boiled large-grain raw. 

When very small, soft-grain low-grade sugars, such as muscovadoes and 
concretes, are handled, it is customary to melt them directly without washing. 
The resulting low-grade liquor is defecated and treated exactly the same as the 
washings. The ** washed sugar ” is dissolved in about one-half its weight of 
water in a tank provided with noixing-arms called a ** melter,'' exhaust steam 
being applied from a perforated coil to aid solution. High-test sweet-waters, 
particularly those from pressure filtration, are used in melting, but it is obvi- 
ously bad practice to contaminate the melted liquor with impurities by using 
other sweet-waters which are much below the purity of the washed sugar itself. 
Maintaining the test of the washed sugar liquor close to 99 purity at all times 
aids the defecation and improves the grade of the char-filtcred liquors. 

Defecation 

159. General Principle. — ^The raw washed sugar liquor from the melter 
contains some insoluble material, such as bagacillo, clay, sand, etc., and an 
appreciable amount of fine suspensions and dispersoids as well as gums, pectins, 
and other true colloids that have escaped the clarification of the raw-house or 
have been formed in the subsequent process of manufacture. The raw liquor 
is also acid as a rule. Similar considerations in a more exaggerated form hold 
for the raw sugar washings (aifination sirup), which contain the major portion 
of the impurities of the original raw. Defecation may be defined as the 
treatment of the raw liquor or raw washings with certain substances and heat in 
order to render the solution suitable for filtration or clarification. 

A great number of defecants ha,ve been suggested or experimented with in 
refining work. All have essentially the same idea, namely, the formation of a 
fiocculent precipitate during heating to adsorb the colloid^, and enmesh the 
suspensoids and suspended matter so that they may be caught and removi^$l 
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by the meshes of a cloth or fabric. Blood or blood albumen was the defecant 
formerly used but its use was entirely discontinued some thirty or forty years 
ago. 

The defecation, no matter in what form, is carried out in defecators (or 
blowups ” as they are generally called in refining practice) which are usually 
circular tanks with conical bottoms to facilitate drainage and cleaning, fitted 
with steam coils and air connections for agitation. 

The raw sugar washings are defecated in separate blowups, in the same 
manner as the washed sugar liquor, the difference being in the quantity of 
defecant used. Many refineries also defecate other materials returned from 
the process — ^remelt sugars and granulated sirups — ^which are to be char-fil- 
tered. 

160. Phosphoric Add-Lime Defecation. — ^Up to 1915 the defecating mate- 
rials most commonly employed were milk of lime and phosphoric acid. This 
form of defecation is still essential in those few refineries which employ bag- 
filters and also in conjunction with the Williamson System (164). Inert 
filter-aids and pressure ffltration have superseded the phosphate-lime defecant, 
however, in the majority of the plants of the United States. The phosphoric 
acid may be in the form of monocalcic phosphate, phosphoric acid paste or a 
clear phosphoric acid. 

The monocalcic phosphate may be made in the refinery by the action of 
commercial hydrochloric acid upon boneblack. This is called “ black paste,” 
and contains from 10 to 12 per cent of available phosphoric add (P 2 O 6 ). The 
black paste contains chlorides and these are not adsorbed by the char, hence 
increase the quantity of residual sirup. Phosphoric acid paste may be made 
in the refinery by treating boneblack dust with sulphuric acid. Pastes of 
this type may be found in the market under various commercial names. They 
are apt to have a high content of sulphates which will be largely retained by 
the char in the filters, increasing the sulphate content pf the char. The clear 
phosphoric acid is made by treating boneblack dust with sulphuric acid and 
then filtering out the solids in wooden-frame filter-presses. The soluble sul- 
phates are reduced to a miniTmim by diluting the phosphoric-acid solution to 
16® Brix. 

Phosphoric acid pastes are now on the market which are of high purity, 
free from objectionable salts' and are cheaper, per pound , of P 2 O 6 , than the 
home-made materials. The refineries employing phosphoric acid now generally 
purchase the material in this form. A paste of this variety electrolytically 
produced showed the following analysis: 


Per Cent P2O5 49.97 

CaO 12.38 

Iron and alumina 34 

SOs 43 

Arsenic (Parts per 1,000,000) 2 


The is introduced as a milk of about 20® Brix. The phosphoric acid 
is first added and the lime immediately afterward, usually in sufficient quan*’ 
tity to give a faintly alkaline reaction to litmus (pH 7.0-7.3.) The amount of 
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The defecated Kquor is run on to the top of the filter, which is surrounded 
by a shallow curbing, and flows down through the bags, the precipitate being 
retained. The filtered washed-sugar liquor is of a light-brown color, quite free 
of suspended matter or turbidity. The filtered raw-washings are also clear 
but of much darker color. After from fifteen to twenty hours* use the bags 
fill with mud and filtration becomes very slow. The liquor going on to the 
filter is now shut off and the liquor remaining in the bags is sucked out by a 
vacuum-pipe, or is allowed to drain out. The filter-bags are flushed once 
or twice with thin alkaline sweet-water from the filter-presses and the mud is 
further washed in the bags, as they hang in the filter-casing, by introducing a 
jet of hot water into each successively. This “ sticking ** is repeated from 
three to five times, after which the bags are taken out of the filter and washed 
in a series of tubs to remove all the mud. The bag-filter sweet-waters are sent 
to the evaporator for concentration. The mud-water, i.e., the mud and water 
from the tubs, is Hmed, diluted and filter-pressed. The press-cake is discarded 
or sold for agricultural use, and the filtrate, press-water, is used partly in flush- 
ing filters as mentioned above, and the remainder is evaporated to a sirup. 

163. Pressure Filters. — ^These are filters in which the cloth or filter fabric 
is held on a frame with sufficient backing so that the liquid may be forced 
through under pressure from the out^de to the inside of the filter element. 
The pressure generally ranges up to 30 to 40 pounds per square inch. As 
already explained pressure-filtration involves the use of inert filter-aids such 
as kieselguhr or paper-pulp, since the tricalcic phosphate precipitate will not 
permit of any flow under pressures beyond the few pounds of hydrostatic head 
encountered in the bag-filter. 

Very recently, the use of a snaall proportion of phosphoric acid and lime in 
conjunction with the kieselguhr or paper pulp has been put into practice. 
This has been resorted to in order to obtain the removal of colloidal iron color- 
ing matter (polyphenols of iron). These iron compounds impart a dark 
greenish-brown color to the washed sugar liquor which the phosphate precip- 
itate removes. The principle in all pressure filters is the same, the defecated 
liquor containing the filter-aid being forced through the press by centrifugal- 
pump pressure. The cake is retained on the cloth and the clear liquor flows 
through and emerges from the fiOlter element wliich is of the leaf-type in most 
of the filters used. The cake is then washed free of sugar in place with hot 
water and sluiced off the plates by suitable means, or it is sluiced off after par- 
tial washing, the cake then being mixed with water and refiltered. The latter 
practice is safer as it reduces the possibility of sugar losses. 

Kelly FiUer-preas , — ^The Kelly was the first filter of this type to be used in 
cane-sugar manufacture but it has been entirely replaced by other types. 
Filter-bags are placed over frames suspended upon suitable pipe-racks and are 
enclosed in an inclined cylinder. Each bag communicates with a filtered 
juice-canal. Treated liquor is admitted to the cylinder under considerable 
pressure. The suspended matter attaches itself to the cloths and the liquor 
flo^ through the latter into the pipes leading to the canal. The operation is 
stopped from time to time and the end door of the (^lindriosl body 
for the removal of the rack and the discharge of the mud. The mud qr 
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press-cake may be washed to low sucrose content in the press. The cloths 
require changing at very infrequent intervals. 

SweeUarid StaMonary Leaf^fiUer . — ^This press, originally called the ** clam- 
shell ” tj^e of press, took its name from its two parts opening and flinging 
after the manner of the clamnshell steam-shovel bucket. The body of the filter 
(Kg. 46) comprises two semi-cylindrical members hinged together, with 
suitable gaskets, to form a water-tight cylinder when closed. The filter leaves 
are composed of crimped-wire screens, each provided with an outlet nipple for 
the filtrate. Filter-cloth is fastened over these screens and these latter are so 
arranged that they may be clamped tightly in place in the filter body with 
the outlet-nipples in connection with the delivery fittings outside the filter. 



Fig, 46. — Sweetland Stationary-Leaf Press. 


Variable spacing is provided for the leaves to suit different filtration conditions, 
li- or 2-inch centers being used in refineries. Each leaf has separate delivery, 
shut-off cock, glass delivery-tube, etc. The opening and closing of the press 
is easily and quickly accomplished, the largest presses using hydraulic power. 

The sluicing device consists of a manifold pipe passing through the entire 
length of the filter inside the sheE just above the leaves (at the back of the 
figure). This pipe extends out through stuffing boxes at both ends of the filter, 
nozzles being placed at equal intervals along the pipe so that a nozzle comes 
directly behind each leaf. The stuffing boxes allow a double movement of the 
pipe: first, it may be rotated throu^ an arc cff approximately 110% by means 
of a handle attached to one of the projecting ends;, second, it may be moved 
longitudinally through the stuffing boxes during this rotation « 
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Water or other liquid is admitted under high pressure (approximately 80 
pounds per square inch) and discharged through the nozzleSi thus directing 
streams of water across the surfaces of the filter leaves and cutting down the 
cake. Provision is made for moving the pipe longitudinally as well as rotating 
it, m akin g it possible for one nozzle to serve both sides of a filter leaf. A 
self-reversing sluicing mechanism combines these two movements of the pipe 
so that continued movement of the handle up and down first directs streams of 
water across one side of the leaf and then across the other side. 

SweeUand Cantilever Filter , — ^This is a recently designed rotating-leaf filter 
shown open in Fig. 47. Each circular filter disk is composed of six independent 
sectors which facilitates drainage, as well as repair and replacement of filter 



dements. The press operates at two speeds, the disks being rotated slowly 
during filtration and washing (or sweetening off ”) and much more rapidly 
during sluicing. The sluiciii^ mechaxxism is similar to that in the stationary 
leaf Sweetland. The advantages of rotating-leaf filters enumerated in the 
description of the Vallez Filter are valid in this case also. 

VaUez Rotary Filter , — ^This was the earliest of the rotary-leaf filters to be 
used extensively. As shown in Fig. 48 it consists of a series of disk-shaped 
filter leaves ” mounted on a hollow shaft inclosed in a cylindrical cast-iron 
vessel or “ shell.” These leaves are hollow and are covert with fiOiter cloth. 
The material to be filtered is pumped into the filter shell under pressure. The 
leaves and shaft revolve slowly as the liquid is being filtered through them. 
Each leaf filters as a unit, discharging the filtrate into the shaft, which serves 
as a common header for carrying the filtrate out of the shell.. The Vall^ is 
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generally used in sugar-refineries with woven-wire filter cloth of monel metal 
or bronze. This does away with the frequent changing of cotton cloths, to 
accomplish which in this filter necessitates the entire removal of the shaft 
and all filtering disks. 

When the filtering cycle is complete the cake is sweetened off either partly 
or entirely and then the remaining water in the filter is agitated violently with 
air which loosens the filter mat on the leaves. A firtfl.1 spraying with water 
completes the cleaning after the cake and water have been discharged from the 
bottom of the filter. 

The rotating leaf type of fflter offers several advantages over the fixed type. 
The cake is more eve^y deposited on the leaf; the filter-aid is kept in better 
suspension; breaks in the cake are less frequent and washing-off in place 
may be more eflSioiently accomplished. Finally, the removal of the cake from 



the leaves is much more readily done by a spray since all parts of the leaf are 
brought into closer contact with the sluicing jets. 

Plxxte^ndrjrame Presses . — It has recently been found that pressure filtra- 
tion with filter-aids such as kieselguhr can be carried out in plate-and-frame 
presses of the type so generally used in the raw house (sec. 67) and refinery 
for filtration of muds. The operation is as e£&cient, so far as filtration is con- 
cerned, as with the leaf type of filter, but there is the labor of opening the 
presses, cutting down the cake, etc., which the closed presses do not require. 
Both washed sugar liquor and defecated washing are being successfully filtered 
with plate-and-frame equipment. Sweetening-off is said to be easily accom- 
plished by washing in the press. 

164. Williamson Clarification System. — ^This is a process patented by 
George B. Williamson, of Louisiana, for the clarification of defecated raw 
liquors without filtration. The system is continuous and makes use of the 
same phosphoric-acid and lime defecation that is used with bag-filters. Essen- 
tially, it consists of impregnating the defecated liquor with air and then heat- 
ing to 210*’F. infiat vessels so that the air bubbles will rise and carry with them 
the flocculated material, forming a scum which is drawn off by suitable means. 
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The defecation is carried out as described before except that the liquor is 
not heated in the blowups after the addition of the phosphoric acid and lime. 
The temperature at which the raw liquor comes from the melter (about 160® F.) 
is suitable. From the blowups the defecated liquor flows through aerators, 
which consist of small tanks containing jet nozzles, through which compressed 
air is blown into the liquor. The liquor leaves the aerators completely filled 
with air-bubbles and flows to the clarifiers, which consist of flat tanks 6 feet 
X 12 feet X 2 feet deep containing transverse copper steam pipes at the 
bottom with 100 square feet heating surface for each clarifier. The liquor 
entering the clarifier at one end flows slowly through it, the temperature rising 
imtil it is 210® F. when the liquor reaches the outlet end. By this time the air- 
bubbles have carried the floes of precipitate to the surface forming a tough 
blanket of scum. This blanket is drawn off by means of a slowly-turning 
roller which pulls the scum over a lip and into the mud trough. The clear 
defecated liquor is drawn off through pipes from the body of the clarifier 
about 6 inches below the surface. Each clarifier has a capacity of from 800 
to 1000 gallons of liquor per hour, a million pound melt requiring eight clarifiers 
for washed sugar. 

The clarified liquor contains some floes of bagacillo and other light material 
which are removed by passing the liquor through a woven wire metallic cloth 
screen 120 X 120-mesh. The solids drawn off as mud amount to 5 to 7 per 
cent of the solids entering the clarifier. 

The mg.in advantage of the Williamson System is that it permits the use of 
phosphoiic-acid and lime defecation (with the attendant removal of objection- 
able colloids and coloring matter) without the use of bag-filters, which are so 
expensive as to labor and objectionable because of lack of cleanliness and 
the possibility of sugar losses through the souring of sweet waters. The 
equipment is simple and requires little expense in upkeep and operation. 
The disadvantages of the system are several, though none of them, are insur- 
mountable in practice. The first objection is the heating of heavy sugar liquors 
to 210® F. with the possibilities of inversion or decomposition through over- 
heating. In actual practice it has been shown that with a careful control 
of the reaction of the liquors and of the temperatures the losses are negligible. 
Any acid liquors wiU immediately cause heavy losses, however. Another 
objection is that the clarification is not as positive as filtration and that the 
eflOluent liquor will be variable in character. This is true to an extent but is 
not of great importance in practice if the test of the washed sugar is kept 
up to 99® purity. The process is unquestionably sensitive to raws of poor 
character, possibly more so than a filtration system. The Williamsons rarely 
give brilliant clarified liquor but the turbidity is due to particles of such a size 
that the char readily removes it and the suspended matter so removed does not 
tend to clog the char. , 

The most valid objection is that the Williamsons are not adapted to work 
on low purity liquors. With raw washings they will not serve at all because 
of the bulk of the precipitate set up by the defecation and even with remelt 
liquors of 94r-96 purity they do not give very good clarification. 
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166. Handling of Muds from Cloth Filtration. — ^The mud waters from the 
bag filters, cloth filters or Williamson clarification are generally sent to mud 
blowups where they are diluted, heated and limed to a pH of 8.0 to 8.4, after 
which they are filter pressed in plate-and-frame presses similar to those used in 
cane factory practice. As has already been mentioned, the sluiced filter-cel 
from pressure filtration of washed sugar liquor is now quite generally reused in 
the defecation of raw sugar washings. When this is practiced the sluicings 
from the liquor presses are dewatered in Oliver vacuum filters and the cake is 
then puddled with water to a cream and added to the washings blowups. 
This results in an economy of kieselguhr. Oliver filters have been substituted 
in some refineries for plate-and-frame presses for filtering the final mud 
waters. 

The high-test sweet waters are used for melting sugar as previously de- 
scribed while the dark-colored sweet waters go to the evaporator for concen- 
tration with other sweet waters. 

166. Control of the Defecation and Filtering Stations. — ^The amount of 
defecant varies with the character of the raw sugar melted and with the test 
of the liquor to be treated. The determining factors in the amount to be 
used are the speed of filtration and the clarity of the filtered liquor. Experi- 
ence and trial-and-error are the only guides in this matter. In general the 
lower the test of the melt the more defecant or filter-aid required but it has 
been shown (Chap. XIV) that filtrability is not strictly a function of the test 
of the raw; some raws giving less than half the speed of flow that other raws of 
the same test give. 

The adjustment of the reaction of the liquors at the blowups is best done 
by hydrogen-ion (pH) control and most refineries employ this system. The 
usual pH range for filtered washed sugar liquor is 7.0-7.3 pH (faint alkalinity 
to litmus) but some refineries prefer higher alkalinities than this (7.5-8.0 pH). 
As will be shown later the changes in pH of the liquor during the char filtra- 
tion determine what initial pH is chosen for the on-going liquor. 

A method which has proved successful in the adjustment of the reaction of 
each blowup is outlined on page 28. Ordinary unskilled workmen have no 
difficulty in maintaining the pH within limits of .2 to .3. It should be noted 
that with the phosphoric acid-lime defecation if the pH is determined on 
defecated liquor containing the phosphate precipitate it will show from .3 
to .5 pH higher than after filtration or clarffication. In adjusting the reac- 
tion at the blowups allowance must be made for this drop in pH due to the 
removal of the phosphate precipitate. That this drop is due to the presence 
of the tri-calcic phosphate and not to any decomposition during the filtration 
or clarification can be proved in the laboratory by determining the pH of the 
defecated liquor before and after removal of the precipitate by filtration 
through carefully washed paper. 

Blowski.and Holven ^ in a careful study of the use of pH in the refinery 
showed that test papers and titrations are no reliable guide to the reactions of 
refinery liquors. To prove this point they made up several different refinery 
materials to definite total acidities and alkalinities by adding known quanti- 

« Ind; Eng. Chem. Vol. 17 (192S), No. li 
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ties of N/28 H 2 SO 4 and N/28 NaOH to the neutral solutions. They deter- 
mined the pH of these solutions at these known total acidities and alkalinities; 
some of their results being plotted in Fig. 49. It will be seen that an acidity 
of .003 in washed sugar liquor (raw liquor) gives a pH of 5.5, at which point 
active inversion would take place, while raw sugar washings at double that 

acidity would still be 
7.0 pH (or effective 
neutrality so far as in- 
version is concerned). 

Blowski and Holven 
worked out a method 
of pH determination 
using the spot-test 
method against colored 
celluloid standards 
which is simple and 
effective. (See p. 280.) 
They also developed a 
system of regulating 
Fig. 49. — Titrated Acidity and pH of Refinery Liquors, the reaction by the 

addition of lime at 

various points in the house instead of at the blowups only, which they report 
uses less lime and maintains the pH of all products at close at 7.0. 

Char FhiTRAtion 

167. Purpose and Importance. — ^The liquors which have been clarified 
by defecation and cloth filtration, or other means, contain coloring matter 
and impurities which must be removed before refined sugar can be produced 
economically. The material used as a decolorant is animal charcoal or bone- 
black, usually called “ black ” or char ” (in some few refineries, “ bone 
coal ’0 which is the granular residue obtained by the destructive distillation 
of bones. Boneblack was first employed in sugar refining about 1811, being 
introduced into the liquors in powdered form and then strained out. Its 
development as a granular filtering medium dates from 1828. Although 
primarily used as a decolorizer it has the property of removing organic and 
inorganic impurities and this property is of the utmost value, since the removal 
of these impurities reduces the amount of residual sirup (“ barrel sirup *') or 
waste molasses, and increases the yield of refined sugar accordingly. 

The economy and efficiency of the refiboing process depend upon careful 
attention to detail in the char house; exact regulation of the .densities, tem- 
peratures and reactions of onflowing materials; constant attention to the color, 
speed of flow and brilliancy of the effiuent liquors; control of the revivification 
and the physical condition of the boneblack itself and finally maintenance of a 
definite time schedule or “ cycle ” for the various steps of the filtering operar 
tion. The elaborate control is further complicated in large refineries by the 
fact that two or three grades of boneblack are maintained, each having its own 
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equipment of filters, kilns and handling apparatus. Many of the liquors 
are double and triple filtered, which adds to the complications of ch^-house 
procedure and control. 

168. Char Filters. — ^The filters are cast-iron vertical cylindrical cisterns, 
conical at the top and bottom, and usually about 10 feet in diameter and 20 
feet deep (1200 cubic feet capacity). The top is closed by a movable door 
termed the filter-head. Two manholes at the sides near the bottom serve for 
the removal of the exhausted black. The char rests on a perforated plate 
covered with a coarse-weave cotton blanket, and this in turn with a blanket of 
finer weave, to prevent the char-dust being carried out with the filtered liquor. 
The inlet-pipe is at the side of the filter, close to the top, and the outlet is at 
the bottom, below the perforated plate. The outlet-pipe is carried up in a 
gooseneck on the outside of the filter to within a few feet of the top. Figure SO 
shows the general arrangement of a char-filter and its accessory equipment. 

169. “ Char Capacity.” Bonehlack Ratio. — ^The ratio of boneblack used 
to sugar melted varies widely in different refibaeries. The amount used 
depends on the available equipment, the quality of raws melted, the grades of 
refined turned out. A refinery making a relatively large quantity of soft 
sugars on a low-test mdt would use 100 pounds of black or more per 100 
poxmds of raw melted. (This means that the same amount of boneblack 
wiU be revivified daily as sugar is melted. The actual boneblack in process, 
including that in filters, driers, kilns, elevators, etc., will be about two and a 
half to three times the daily melt.) With the high grade raws now being 
received and the reduction in the demand for soft sugars, most refineries 
operate on a much lower boneblack ratio — 50 to 60 pounds of black per 100- 
pound melt. 

Modem refineries generally have from 24 to 36 char filters of the size 
described above, for each million pounds melted, and from one-third to one- 
half as many kilns as filters. 

170. Filter “ Cycle.” Schedule of Operations. — ^Every filter goes through 
the successive steps of the cycle according to a time schedule, this schedule 
being based on the length of time that it takes to fill a single filter with char 
(which is in turn dependent on the rate that the kilns are delivering revivified 
black) together with the number of filters operating in the cycle. Since each 
jfilter must be ready in turn to take its filling of “ burned ” black it is evident 
that the total time of all the operations of the filter cannot exceed the time of 
filling one filter multiplied by the number of filters. 

It is customary in most char houses to separate the boneblack into two or 
three grades, designated by letters or numbers. Let us assume that a filter- 
house has 36 filters, 18 of which are used for the “ A ” grade boneblack and 18 
for the “ B ” black. Considering only the first of these, the “ A ” filters, and 
assuming that the number of kilns allotted to that grade of black is sdficient 
to revivify a filter-full of black every four hours, the “ cycle ” of the A ” 
filters would quite evidently be seventy-two hours. That is, each of these 
filters must go through these successive operations in that time: (1) Filling 
with char, (2) Covering the char with liquor (“ settling ” the filter), (3) Rim- 
ning liquor, or the filtration proper, (4) Washing the sugar out of the char with 
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Kot water, (6) Blowing out the residual water with air, (6) Discharging the 
wet char, or ** dropping ” the filter. Filter, schedules vary through wide 
limits, 48 to 64 hours being the shortest and 90 to 100 hours the longest. 
All these operations except (3), Running liquor, are more or less fixed, no 
matter what the length of Ihe cycle, so the variable is generally the time 
allotted to running liquor, i.e., the filtration proper. 

Two systems of working char-filters formerly prevailed: The “ set 
or ** battery ” and the '' continuous ” systems, but the " set '' system has now 
been largely discontinued. In the set system, all the filters filled in one day were 
worked as a group unit, all the filters in the group doing the same class of work 
at the same time. In the continuous system, each filter goes through its cycle 
independently, a step ahead of the filter filled immediately after it. The set 
system was used by refineries making a large percentage of soft sugars because 
it lent itself more easily to their pan-boiling system and also simplified the use 
of double- and triple-filtration. The continuous system requires a much 
smaller char-filter installation for a given melt, so with the reduction in soft 
sugar demand it has superseded the set system. The handling of any one filter 
in the two systems is essentially the same. 

171. Filling the Filter with Char. — ^The distribution of the boneblack in 
the filter is of primary importance. If the dust and larger grains of char are 
not evenly distributed throughout the filter, the liquor will flow through the 
coarser particles, forming channels and causing many difficulties during the 
washing-off period. Even distribution may be obtained in many ways and 
there are several patented devices designed to secure this result. The char 
may be delivered into the filter by means of a funnel with a slightly bent stem, 
the funnel being turned at intervals by hand or continuously by a motor. 
The most effective method of filling the filter with dry char is to deliver it 
into the filter promiscuously and have a man enter the cistern from time to 
time and distribute the material with a shovel. After the filter has received 
sufficient char, this is drawn up into a cone in the middle. 

H. I. Knowles ® in a study of boneblack filtration showed that even with 
hand-levelling ten or twelve times during the filling of a filter the distribution 
of char leaves much to be desired. The sides of the filter contained char of 
much coarser grist than the center, and samples taken later during the filtra- 
tion period by special sample pipes inserted in the filter showed higher color, 
ash and organic removal in the center of the filter than at the sides. This was 
in large part due to more rapid flow and less contact through the coarse char 
of the sides than in the fine char in the center. “ Wet filling,” t.e., adding the 
char and liquor to the filter together has recently been adopted to avoid this 
separation of coarse and fines and will be described later. 

172. “ Covering ” or Settling the Boneblack with Liquor.— Air-pockets 
in the char must be avoided. To prevent these, with dry filling as described 
above, the liquor is delivered slowly at the base of the cone of char, with the 
head of the filter off. The liquor runs down the sides of the filter until it 
teaiehes the blanket, then fiows across the whole width of the filter at the bot- 
tom and rises, forcing the air out through the cone of char, which is kept dry 

*Ind.Eng. Chem. Vol. 17 (1226), No. IL • 
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throughout the covering. When the liquor begins to flow from the goose- 
neck the outlet valve is closed and liquor is run in until the filter is filled. 
In spite of all precautions there will always be some entrapped air and this is 
permitted to escape by allowing the filter to ** boil ” as filter-men call it. After 
there is no further evidence of escaping air the head is put on the fllt^ and the 
liquor is turned into it under pressure (16-25 feet head) . The covering usually 
requires about four hours. 

Considerable heat is generated when hot liquor is first run on to well- 
bumed char. With the char at a temperature of 140® to 160® and the liquor 
at 165®, the outflow during the first few hours of running will normally have a 
temperature of 185® to 190®. If covering is stopped under these conditions, 
or if filtration is suspended during the early stages, the temperature in the filter 
may rise to such a point that the liquor will be scorched. The char should be 
cooled to at most 160® before it enters the filters, and every precaution should 
be observed to avoid interruptions to the fiow of liquor during the covering 
period and until the temperature of the outfiowing liquor is practically that of 
the liquor entering the filter. 

iCnowles in the study already referred to showed that the temperatures of 
the liquor at the side of the filter are much lower than in the center where he 
found liquor rising to 210® F. during the first twelve hours of running. 

Covering filters by bottom-filling has been advocated but has never found 
much favor in American refineries. In this practice liquor (generally once- 
filtered washed sugar liquor) is run into the bottom of the filter through the 
outlet pipe. As the liquor rises in the black the voids are completely filled 
and there is less opportunity for entrapped air or air-pockets, to form. The 
practice might possibly have some advantages over top-filling and covering 
with dry char but is not as advantageous as the wet filling method described in 
the following paragraph. 

173. Filling and Covering Together. “Wet Filling.”— The process of 
intimately rniring the char and the liquor and adding them together to the filter 
has been tried out from time to time through many years but a workable 
procedure has only recently been developed. The method as now used was 
worked out in the Californian and Hawaiian RefinCTy and consists of first 
adding dry char the filter is filled one-fifth to one-fourth of its volume 
and then running in the char and liquor together through a set of three eccen- 
tric funnels placed one above the other and hung in the mouth of the filter. 
The eccentric arrangement gives the char and liquor a swirling motion which 
mixes the two, the flow of char and liquor being so adjusted that the mixture 
falls from the bottom funnel at about the consistency of a loosely mixed con- 
crete. With a little care this mixture can be so maintained that there is no 
tendency for the fines and coarae to separate. If the mixture is too free (i.e., 
too great a proportion of Kquor to char) this classification of coar^ and fine 
will occur, whereas with too dense a mixture dry pockets of char will^ occur m 
the filter and give trouble later both m the filtration and washing p^ods. t 
has been found advantageous in one refinery to measure the onflowing liquor 
by means of a measuring box similar to that used at the liquor gallery or 
’ measuring outflowing Hquors. The flow of char is very regular and by adjust- 
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ing the liquor flow by measurement all difficulties are avoided and close atten- 
tion is not required. 

In practice this wet filling method has reduced “ channelling ” of liquors to 
a minimum; has cut down the time of filters in sweet water ” about 25 per 
cent and has practically eliininated bad washing after sweet water. About 
three hours’ time is also added to the time of filtration by wet-filling which is 
otherwise taken up in separate filling and covering. It is probably the great- 
est improvement in char filter technique of the past ten years. The first liquor 
which flows from the filter is generally cloudy but after twenty minutes or half 
an hour of running to refiltration this clears up and the liquor is brilliant. 

174. The Filtration. — ^As soon as the covering ” is complete and the filter- 
head is in place the filtration proper begins. Practice in refineries differs as 
to how the filtration schedule is conducted, depending on the “ char capacity ” 
(boneblack ratio), the character of the melt, the number of grades of char, the 
amount of refiltration and the quantity of soft sugars to be made, besides 
many purely local considerations. Certain general principles are followed, 
however, in all refineries. The highest purity liquors are filtered first and fol- 
lowed by liquors of lower purities. Washed sugar liquor (99®) goes on the 
char at 160®--165® F. and the same brix that it comes from the cloth filters, viz., 
570 - 6 O®. The speed of flow is from 150 to 250 cubic feet per hour. The 
density of the lower purity liquors is usually somewhat less than those of 
highest purity and with each successive grade that is filtered the speed of flow 
is reduced and the temperature increased. Each grade of liquor follows the 
preceding one without a break in the filtration; the swing-pipe ” at the top 
of the filter inlet being shifted from the delivery line of one liquor pressure- 
tank to the other, after which the filtration proceeds. 

Where two or three grades of black are maintained the principle is followed 
that the lowest black receives the materials having the largest amount of 
impurities, while the liquors for refiltration are filtered through the best grade 
of black. The reason for this is apparent since the impurities removed by the 
first filtration are in greater quantity but are the easiest to remove while those 
removed by refiltration are present in less amounts but require a more active 
boneblack for their removal. Furthermore, overworking the most active black 
would quickly reduce its efficiency. 

Washed sugar liquor forms the bulk of the liquor to be filtered so it is gen- 
erally run on each filter for 20 to 24 hours. The effluent is water white and 
above 99® purity and goes to the vacuum pans for boiling to granulated sugar. 
After many hours running the No. 1 liquor assumes a yellowish tinge and it is 
then used for covering other filters, or may be refiltered. Following the 
washed sugar Hquor, remelt sugar liquors of 94 to 97 purity may be filtered, 
then “ granulated sirups ” (90® purity) which are sirups from granulated 
sugar strikes too dark for further boili^ to granulated. Cloth-filtered raw 
sugar washings (afflnation sirup) of about 80® purity and sirups from remelt 
sugar strikes are the low-grade materials which are generally sent to the char- 
filters. These and the granulated sirups are double and triple filtered to make 
light-colored liquors of low test for soft sugar manufacture or for fancy sirup 
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production. The second and third fiOltrations remove color but do not mate- 
rially raise the purity of the liquors. 

Some refineries of limited char capacity do not filter anything of lower test 
than granulated sirups of 90® purity. They are necessarily limited in the 
extent to which they turn out soft sugars. Where such pwictice is followed 
the raw sugar washings are sent to the vacuum pans direct without cloth- or 
char-filtration and are boiled to remelt sugars. 

176. Wasbmg Off.— At the end of the filtration period the boneblack, 
so far as regards color removal and adsorption of impurities, is practically 
exhausted. The inlet-valve is now closed and the level of the liquor in the filter 
is lowered by gravity or air-pressure to that of the char. The head of the filt^ 
is removed and the ^har is leveled and then hot water (210® F.) is run upon it ^ 
iTnt.ii the filter is filled. The head is replaced and hot water is run into the filter 
under pressure. The rate of flow of the water b about half that used for the 
liquor. The idea b to have the water dbplace the liquor remainmg in the 
filter with as little Tnivitig of the two as possible. Thb b so well accomplidied 
in a wefi-running filter that there b no apprecbble break in the density of the 
outflowing liquor for six or eight hours after water b put on the char. When 
the dilute liquor a density of about 4B® Brix it b termed “ char sweet 
water,” and the rate of flow b now further reduced and the filtrate b sent to 
the multiple-effect evaporator for concentration with other sweet-waters. 
The density and purity of the sweet-water fall rapidly. After three to five 
hours the water no longer contains enough sugar and b of too low purity to 
warrant its evaporation and it is turned to waste. 

The char sweet-waters contain very high percentages of ash on the solids 
present and they abo are hig h in colloidal material.* 

The ash and colloids which have been adsorbed during the filtration are 
“ leached out ” of the black in the dilute runnings after water has been put on. 
It b obviously the best practice to keep the evaporated chw-sweet waters 
separate from other materbb containing less ash and colloidal impurities. 
They should not be returned to the boneblack for refiltration and the use of 
char sweet-water for melting purposes should never be considered. 

Washing to Waste . — ^The washing to waste b continued for at least ten to 
twelve hours, the speed of flow being again increased to about 200 cubic feet 
per hour. Washing for a longer period wiU give more effective results and is 
the practice when time admits. Much of the organic matter b so strongly 
held by the char that no amount of washing will remove it. At the comply 
tion of the washing-period the water b driven out of the char by compr^ed- 
air, 10 pounds pressure for two hours usually being sufficient; the bottom doors 
of the filter are opened and the char b dbcharged into the hoppers on top of the 


driers. (Fig. 60.) . t i • 

176 Revivification of the Boneblack. — ^The revivification of the black is 

wscompMxed by heating it to 1000" F. or hig^ out of acc^ mfh 

Special driets and retort-kilns are designed for this purpose. The bumi^ 

of the black, as it is usually called, distils off some of the orgamc unpunties 
‘Paine & BadoUet. The Planter, Vol. 79 (1927), No. 2. 
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which the washing failed to removei and carbonizes the remaining portion. 



The alteration of boneblack with 
use will be discussed later. 

Chm Driers . — The wet char is 
passed by gravity through driers 
preliminary to the revivification. 
The driers are of various designs 
and in general consist essentially of 
a casing through which the waste 
gases from the kilns are drawn. 
Deflecting plates conduct the wet 
char slowly over the surface of this 
casing. The char enters the driers 
carrsdng about 18 to 20 per cent of 
moisture and leaves them with about 
12 to '15 per cent. 

Char Kilns . — The kiln consists 
of a furnace flanked on both sides 
by double or triple rows of upright 
pipe retorts, 20 retorts to the row, 
through which the char slowly 
passes. The commoner type is the 
double-row, or 80-retort, kiln. The 
retorts are of cast iron, of oval cross- 
section, 3 inches by 9 or 3 inches by 
12, from 8 to 10 feet long. The 
combustion chamber occupies about 
one-quarter the width of the kiln, 
running through the entire length, 
and is fired at both ends, the fuel 
being coal, oil or natural gas. 

The products of combustion 
leave the chamber near the top, 
are conducted downward along the 
length of the retort to ports at the 
bottom of the kiln, and thence by 
ducts in the brickwork up to the 
casing of the char-driers. Record- 
ing pyrometers are now general for 
regulating the temperature, the 
practice in most refineries being to 
place the thermocouple between the 
rows of retorts in the center of the 
kiln at the hottest spot. Tempera- 
tures between 1000® F. and 1200® 
F. are usual. Peep*hdles in the 
brickwork permit of judging the 
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temperature ef the retorts in the absence of a pyrometer, a dull red heat 
being n^essary for ordinary tevivification. At the base of each retort is fitted 
a sheet iron cooler-pipe identical in shape with the retort and extending below 
the kiln some 6 or 8 feet. The cooler-pipe takes the hot char at the kiln tem- 
perature and cools it to the point where it can be admitted to the atmosphere 
without danger of the carbon burning. The speed of the char through the 
k il ns is controlled by means of a fiam arrangement actuating a arn^^ll draw- 
plate or tilt-bucket at the end of each cooler pipe. 

Each 80-retort kiln will revivify about one filter (1200 cubic foot) of char 
per twenty-four-hour day, or about 16 cubic feet per retort per day. The 
char takes about five hours to travel through the retort. TCilna may be forced 
to 60 per cent greater capacity than this but only at the expense of the furnace 
limngs and retorts. From the cooler pipes the char falls into hoppers that 
deliver it to the conveying system (endless belts and bucket elevators) by which 
it is carried to the distributing ssrstem at the filter-heads where it is run into 
an empty filter to go through the cycle again. (See Fig. 60.) 

The char should never go to the filters at a temperature above 160° F. 
(many refiners prefer even lower temperatures) so that it is generally necessary 
to further cool the black on its way to the filters by passing it over pipes 
through which cold water is circulated. A simple method of cooling the char 
is to spray it with water in a fine spray as it passes along the conveyor belt 
beneath the kilns. The water all evaporates in the passage of the char through 
the conveyor system, the cooling being very effective and easily r^ulated. 

Weinrich Demrhonizer, — ^The rebuming of the black carbonizes some of the 
organic matter which the washing failed to remove. This carbon remains in 
the pores of the black, and since it has no decolorizing power such as is pos- 
sessed by the constituent carbon, it merely clogs the pores of the char and 
decreases its filtering value proportionately. The Weinrich decarbonizer, 
designed to remove this added carbon, is a revolving drum, slightly inclined to 
the horizontal, with a carefully regulated fire under it. The vegetable carbon 
is burned away as the char passes through the drum, thus increasing the poros- 
ity and prolonging the life of the boneblack. 

Remwal of BonMack, — Mechanical handling causes the grain of the bone- 
black to be broken down by attrition. The fine dust is removed by means of 
suction fans which draw air through the char as it falls over umbrella-shaped 
devices, generally placed at the discharge of the elevators just ahead of the 
char-distributing system to the filters. Besides this dust removal it is occa- 
sionally necessary to screen out the finest char (below 60 mesh) with wire- 
mesh screens, the mechanical shaking t3rpe being employed. The dust was 
formerly used in making phosphoric acid for the defecation but is now sold for 
fertilizer manufacture and other purposes. The char also> decreases in bulk 
somewhat by shrinkage in the burning. 

These losses are naade up by the addition of new bone-black, generally a 
fij.terful at a time. In refineries having two or more grades of black, the new 
black is naturally added to the highest grade, and the heaviest screening is 
done on the lowest grade. As new black is added to the first grade, an equal 
volume is thrown from the first to the second and from the second to the third 
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to maintain the proper proportions. As will be explained later, new black 
must be washed and burned before use. From 15 to 30 per cent of new bone- 
black is added yearly, depending on char capacity and other factors. The 
boneblack in a refinery is therefore completely renewed every three to six 
years. 

177. Composition of Boneblack and its Alteration by Use. — ^Analyses of 
new boneblack of American manufacture and of the same black after several 
months of use, are here given: 



New Black 

After 

Six Months’ 
Use 

Carbon 

8.55 

10.30 

Insoluble silica 

.15 

.31 

Calcium sulphate 


.97 

Calcium sulphide 

.05 ! 

.24 

Calcium carbonate 

8.90 

4.20 

Iron 

.06 

.23 

Undetermined (calcium phosphate) 

82.23 

83.75 



100 

100.00 

Weight per cubic foot, loose 

43. 8 lbs. 

54.5 lbs. 

Weight per cubic foot, packed 

48.5 

59.1 

Percentage between 16 and 30 mesh sieves 

84.8 

66.1 


Boneblack always contains some nitrogen, but the r61e this plays in the 
filtration has not been determined. It has been long believed to be essential 
to the decolorizing power andPatterson^ and later HalP extracted a nitrogenous 
body from boneblack by digestion with sulphuric acid, a few drops of which 
were claimed to have the decolorizing power of several grams of black. When 
precipitated on inactive wood charcoal this material also was supposed to give 
a highly active carbon but these results were explained shortly after by Tanner ^ 
as being due to the decolorizing action of the sulphuric acid on the caramel 
used in the tests and not to the nitrogenous body. Hauge and Willaman ^ 
failed to fimd any decolorizing power in the mtrogenous body so extracted, and 
other investigators have presented arguments against the decolorizing power 
of the mtrogenous constituents of the char which seem to be conclusive. New 
black contains a considerable amount of ammonia salts, which must be re- 
moved, since they would have a detrimental effect upon the color of the 

« J. Soc. Chem. Ind., Vol. 28 (1909), 700. 

* The Planter. Vol. 68 (1922), No. 2. 

f Rd. Eng. Chem., Vol. 14 (1922), p. 441. 

^ Ihd. Eng. Chem., Vol. 19 (1927), p. 948^ 
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filtered Kquors. For this reason^ new char must be thoroughly washed and 
burned before use for filtration. 

As is shown by the analysest the composition of char alters with use. 
The carbon increases steadily because of the deposition of inert carbon in the 
pores during the reviTification. The calcium sulphate increases by the removal 
of sulphates from the liquors and the water. The sulphide tends to increase 
as the sulphates increase, due to the reduction of the latter by the organic 
matter during the burning. The calcium carbonate drops sharply during the 
first few washings and burnings and finally tends to reach a balance around 4 
per cent. The iron increases slowly. Of all these impurities the calcium sul- 
phide and iron are the most objectionable. Since appreciable quantities of 
these two constituents will give a greenish color to the filtered liquors and a 
gray cast to the sugars boiled from them. A boneblack may become unfit 
for Tise if the calcium sulphide content exceeds 0.4 per cent. Thorough washing 
and burning, together with the constant addition of new black, will prevent 
the sulphide content from becoming abnormal. 

The weight per cubic foot tends to increase due to two reasons: the bulk 
and size of the grains shrink with use and the pores of the black become 
clogged with adsorbed impurities and inert carbon. Since the action of char 
is due to adsorption, which is a surface phenomenon, the less porosity, the less 
adsorption. The weight per cubic foot is therefore, in a sense, a measure of 
the activity of the char. 

178. Action of Boneblack on Sugar Solutions. — ^Boneblack is primarily a 
decolorant but its ability to remove organic and inorganic impurities adds 
enormously to its value to the refiner. It is now generally agreed that it acts 
by adsorption, following Freundlich’s equation which is, that for any given 
temperature X/M = in which X = amount of dissolved substance 

adsorbed by M grams of char; C is the concentration of the dissolved sub- 
stance at equilibrium (i.e., after the adsorptive action has ceased), and K and 
1/n are constants depending on the amount and kind of the solution treated 
with the char. WitMn the workii^ limits for sugar solutions the higher the 
temperature the greater the adsorption. Obviously, the upper lunit for sugar 
work is about 180® to 185® above which point inversion and decomposition 
become possible factors. 

Color Adsorption. — ^M. T. Sanders ® and F. W. Zerban“ showed that the 
adsorption formula as given above is valid for color removal by aU carbons 
including boneblack when the “ color units ” of Meade and Harris^®® are sub- 
stituted for the concentrations X and (7. (Other color units based on the 
extinction coefficient (264) may also be used.) It should be noted that 
adsorption isotherms when plotted for X/M and C on logarithmic cross- 
section paper are straight lines. 

The claim that the decolorizing power of boneblack rests in the nitrogen 
content has been pretty well refuted (see p. 170) and the carbon deposited on 
the bony structure of the black at the time of manufacture is now recognized 

•The Planter, Vol. 71 (1923), No. 6. 

10 Unpublished, presented before Am. Chem. Soo., 1921. 

Ind. Eng. Chem. Vol. 12 (1920), p. 687. 
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os the color adsorbing medium. Refiners have long known that the adventi- 
tious carbon deposited in the pores during revivification not only has no 
decolorizing value but is actually a detriment in that it reduces the porosity 
of the black and in consequence its activity. H. I. Knowles suggested that 
there is an optimum carbon content giving the highest decolorization and in 
experiments in which he decarbomzed and recarbonized chars in the labora- 
tory found the optimum decolorizing value at a carbon content of about 6 
per cent. Some boneblaoks which were in refinery service were studied by 
him during twenty months and found to be at their optimum decolorizing 
value when the carbon had reached 7 per cent. It seems probable that this 
figure would vary considerably for different chars, and that other conditions 
might have a greater effect on the decolorizing power the alkalinity of 
the black and the extent of the revivification). 

The pH of the solution going on the black is of great importance as was 
shown by Hauge and Willaman“ in a study which ascribed to the disregard 
of this feature most of the discrepancies and contradictions in the work of 
different investigators on decolorization by vegetable carbons. They showed 
that caramel is readily adsorbed by boneblack only at low pH values; i.e., 
much higher acidities than are encountered in practical sugar work. Experi- 
ments such as these on pure caramel have probably been the source of the 
long-expressed belief that the reddish and brown coloring matters in raw 
sugars are hardest to remove by boneblack. Wayne in a careful investiga- 
tion* of decolorizing efficiency by spectro-photometric analysis showed that no 
such generalization concerning caramel-types of coloring matter can be drawn. 
The colors due to the poly-phenols of iron (grayish-green and greenish-brown 
tints in washed sugar liquors) are more easily removed so far as percentage of 
color removal is concerned than the red coloring matters, so long as complete 
or nearly complete decolorization is not attempted. When the decolorization 
is carried to the extent that the refiner must carry it to give him liquors suitable 
for refined sugars, a residual color is encountered in the gray-green sugars 
that is highly resistant to char adsorption and the resulting sugars have a 
grayish cast, whereas the red coloring matter from incipient carameUzation may 
be completely removed, yielding white liquors free of a gray cast. 

Char-filtration removes about 80 to 90 per cent of all the color entering 
the refinery in the raw sugars. The high-grade liquors (washed sugar liquor 
99 purity) are decolorized practically 100 per cent. 

AbK AdsoT'ption, — The removal of inorganic matter is due in general to the 
bony structure of the char, as may be proved by burning off the carbon, when 
the residue will give as great, or sometimes greater, ash removal than before 
ignition. The selective action of boneblack for various kinds of salts was 
brought out a great many years ago; the phosphates, sulphates and carbon- 
ates being readily adsorbed while the chlorides and nitrates are adsorbed to a 
much lesser extent. Knowles corroborated these facts as did Rice and 

“ Ind. Chem. Eng. Vol. 19 (1927), No. 2. 

Ihid, Vol. 19 (1927), No. 8. 
w lUA Vol. 18 (1926), No. 8. 
w Loo. CU, Vol. 19 (1927), p. 222. 
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Murray^® and they showed as well that the nature of the base was of equal 
importance. Iron and calcium are more readily adsorbed than sodium and 
potassium. Similar selective action is evidenced for the organic salts. A 
considerable portion of the ash that is adsorbed by the boneblack during 
filtration is released to the thinner runnings and sweet waters after water is 
put on. This “ leaching out ” of the ash makes the char sweet waters very 
high in ash-surcose ratio and their return to the char-filters after concentration 
should be avoided. 

An important investigation on the action of boneblack by T. B. Wayne 
deals largely with ash adsorption. His findings may be summed up as fol- 
lows; (1) The percentage of ash adsorbed by a char increases regularly with 
increasing alkalinity of the char itself up to a pH of 9.6 as measured on a dis- 
tilled-water extract of the char. (2) The pH of the boneblack is directly 
affected by the temperature of revivification; e.gr., a char burned to 900° F. 
(480° C.) (as measured by a pyrometer in the kiln) gave a water extract pH 
of 7.0, the same char burned to 1000° F. (538° C.) gave 8.4 pH, and when this 
char was burned to 1150° F. (620° C.) the pH was 9.3. From conclusions (1) 
and (2) it follows that ash adsorption is increased by increasing the tempera- 
ture of the revivification. (4) The pH of the filtered liquor is increased as the 
pH of the char increases. (5) Varying the proportion of char to liquor does 
not alter the pH of the filtrate. This in conjunction with (4) shows that the 
alkalinity of the black is held in an adsorbed state and is liberated to the liquor 
in exchange for some of the constituents of the liquor until an adsorption 
equilibrium is reached. (7) The caustic soda test (see 189) may be “ color- 
less,” i,e.f excellent revivification may be indicated, but if the pH of the black 
is not high enough due to too low a temperature of revivification, acid liquors 
may result, even though both the black and the on-flowing liquors may be 
above 7.0 pH. 

This last finding is demonstrated by Wayne by filtering neutral calcium 
acetate solution (pH 7.3) through a char burned at various temperatures. 
The results are shown as follows: 


pH of Char 
Extract 

pH of Calcium 
Acetate Solution 
On 

pH of Calcium 
Acetate Solution 
Off 

6.9 

7.3 

6.0 

8.2 

7.3 

7.0 

9.6 

7,3 

8.4 


It has long been recognized by some refiners that poorly burned boneblack 
in refinery service yields acid liquors and increases inversion losses. This 
was ascribed to various causes, but the above findings show it to be due to a 

« Ind, Eng. Chem. Vol. 19 (1927), p. 214. 

58 im. Vol. 20 (1928), No. 9. 
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form of “ hydrolytic adsorption ” i.e., a breaking up of neutral salts into acids 
or add salts mtMn the black. 

Wayne's conclusions in this investigation bear out many points which the 
writer has observed in actual char filter practice but which have lacked scien- 
tific corroboration until now. Principal among these are the need of rela- 
tively high temperatures and exact control in revivification, the fallaciousness 
of the idea of “ over-burning,” and the fact that the pH of the filtered liquors 
is not dependent on the pH of the on-flowing liquor but on the condition of the 
boneblack itself. 

From 20 per cent to 50 per cent of the total ash entering the refinery will 
be adsorbed by the boneblack. Many factors will influence the variations 
between these limits as may be judged from the previous discussion. 

Adsorption of Invert Sugar , — There is no question that the reducing sugars 
in the chw-filtered liquors are lower than before filtration particularly during 
the earlier runnings, but whether this is a selective adsorption or a destruction 
due to the alkalinity of the black is a doubtful point. Another point in ques- 
tion is whether the glucose ” is leached out after water is put on as in the case 
of the adsorbed ash. In the last edition of this book the present writer 
(G. P. M.) stated that this leaching out did occur, the conclusion being reached 
from observations of filters in practice. Blake concluded from similar obser- 
vations that levulose is selectively adsorbed in excess of dextrose but that 
later this was given up to the sweet-waters. An extended attempt to prove 
this point by laboratory experiment^® has failed to show a single instance of 
such leaching out after the disappearance of the invert sugar (or glucose ”) 
nor have any char-filters been found in house practice since pH control was 
developed where the glucose ratio in the sweet-waters is higher than in the 
highest glucose-containing material going on the black, provided all materials 
including sweet-waters are above 7.0 pH. It appears that the apparent leach- 
ing out occurs only when acid conditions occur in the sweet-waters or thin 
liquors, which would lead to the conclusion that the increase in glucose observed 
by some investigators is due to an inversion and not a leaching out. How- 
ever, it may also be that the alkaline substances formed in the char during 
revivification aid in the adsorption of the glucose as they do in the ash adsorp- 
tion as shown by Wayne, and that when this alkalimty disappears the glucose 
is released to the sweet-waters. 

The matter is of practical importance to the refiner since it involves the 
question whether the refinery should show a glucose balance ” or a “ glu- 
cose removal ” for its entire operations, if no inversion or destruction of glucose 
is taking place elsewhere. 

Adsorption^ of Colloids . — Much of the coloring matter of sugar solutions 
is colloidal but there are also other colloidal non-sugars present. Paine and 
BadoUet studied colloid elimination during char filtration and found that the 

The Planter. Vol. 65 (1920), No. 22. 

This selective adsorption of levulose from invert sugar is reported by Nak- 
inamovitch and Zelikman; Facts About Sugar (Abstract), December 3, 1927. 

1® Meade and Baus. Presented at Philadelphia A, C, S. Meeting* 1926, 

®® Facts Aboqt Sugar. Vol. 22 (1927), Np. 3, 
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'' irreversible ” type (high in ash; do not readily redisperse when dried and 
taken up in water again) are preferentially and completely removed during 
char jfiltration while “ reversible ** colloids (gummy materitds) are never com- 
pletely adsorbed and are leached out in the sweet-waters. 

179. Refining with Vegetable Carbons. — Suchm Process. R efi n i ng with 
activated carbons instead of boneblack is fairly general in Europe but only 
one variety — “ Suchar ” — been developed to a commercially successful 
process on this side of the water. There are small refineries in Porto Rico, 
Santo Domingo, Louisiana and elsewhere using suchar only and producing 
refined sugar. The process is briefly described by the Suchar manufacturers 
as follows: 

The raw sugar is washed up to 98.6® to 99® and melted. The melt is then 
subjected to a double filtration with Suchar according to a special procedure 
known as the “ Multiple Density Proems,” which enables the refiner to send 
to his pans a highly purified liquor having a density of from 62° to 64® Brix. 
The quantity of carbon used is very small, averaging from 1 per cent to 1 J 
per cent on the solids in the melt, and the filtration takes place in automatic 
filters of special design. 

The exhausted carbon is sweetened off, dried in a continuous dryer and 
then re-activated in a continuous electrical furnace wMch is patented for 
the Suchar Process. The carbon is discharged from this furnace m a cold, 
dustless condition in which form it can be conveyed back to the mixing tanks 
for treating a further quantity of melt. 

180. Comparison of Boneblack and Decolorizing Carbons for Refining. — 
Blowski and Bon®^ made a comparative study of carbons and boneblack for 
r efining purposes and gave the following advantages and disadvantages of the 
two processes; 

Boneblack. Advaniages. 

(1) Elimination of Non-sugars. Approximately 1 per cent of non- 
sugars on melt is eJiminated, resulting in a decreased molasses production and 
an equivalent increased sucrose recovery. 

(2) Ease of Regeneration. Spent bone-char may be readily restored 
to practically its original eflBiciency by a process of washing and kilnin g. 

(3) Small Replacements. The replacement of char due to shrinkage 
and dust removal is small — ^in a carefully managed plant amoimting to 
between 13 and 16 per cent per annum of the char in process. 

(4) Highly Developed Technology. Process is already highly devel- 
oped. 


Boneblack. Dteadvantages. 

(1) Large Investment in Plant. Char equipment and the large amount 
of char in process necessitate a large investment. 

(2) Large Amoimt of Material to be Handled. There is a great bulk 
of bone-char and liquor in process at all times. 

(3) Large Wash-water Consumption. A large quantity of hot water is 
necessary for the washing. 

aijnd. Eng. Chem. Vol. 18 (1826), No. 1. 
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Decohrizmg Carbons. Advantages. 

(1) Simplicity of Process. Because of high decolorizing power and 
rapid action, the amount of carbon required to decolorize a given quantity 
of liquor is small, and the time in process is short. 

(2) Reduced Inversion Losses. Owing to the shorter time that sugar 
liquors are in process, there should be smaller inversion losses than exist 
with the bone-char process. 

(3) Smaller Investment Necessary. No large quantity in process and 
equipment is simpler. 

(4) Small Wash-water Requirements. The washing requires no such 
volume of hot water as does the washing of bone-char. 

. Decolorizing CarhoTis. Disadvantages. 

(1) Low Non-sugar Elimination. The non-sugar elimination is for all 
practical purposes negligible, because amount of carbon is very small and 
only high-purity liquors are treated. 

(2) High Losses in Regeneration. Losses will amount to at least 5 
per cent per cycle. With the price of carbon over $300 per ton the replace- 
ment cost is no small item in the cost of manufacture, 

(3) Increased Remelt Boiling. Because of negligible elimination of 
non-sugars calculations show that the burden on the remelt pans would 
be increased by at l^st 140 per cent. 

Carbons and Boneblack in Conjunction. — ^This combination has not been 
tried in this country but it offers some possibilities that warrant serious con- 
sideration. Dedek and KaeP^ found that carbon acting before boneblack 
(never in the reverse order) increases the ash adsorption because the active 
carbon splits up the organic salts of sodium and potassium by hydrolytic 
adsorption, and adsorbs the liberated anions, while the boneblack adsorbs 
the kations. The work of Paine and Badollet on adsorption of colloids by 
boneblack (see p. 174), shows that boneblack adsorbs irreversible colloids 
much more readily than the reversible type (gums, etc.), while it is well known 
that carbons adsorb the reversible colloids most easily, another evidence of 
complementary action of the two types of decolorants. The selective removal 
of color by the carbon and by boneblack is also different which is another 
argument for their inter-action. 

CitTSTAIiLIZA'nON OF TUB SuGAB 

181. Classification of the Liquors. — ^The liquors are classified at the filter 
outlet-pipes according to their purity and color and are distributed to storage- 
tanks near the vacuum-pans. In the continuous system of filtration, in which 
no two fiUiters are at the same phase of their cycles, all grades of liquors are flow- 
ing at the same time. The liquors are classified about as follows; First liquor; 
Filtered washed-sugar liquor, “ water white ” and of 09^ to 99.6^ purityj 
second liquor: Filtered granulated-sirups, off-white or slightly yellow afid of 
Facts About Sugar. (Abstract), July 39, 1927. 
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90® to 93® purity; third liquor: Filtered or double-filtered wasEings or low- 
grade meltings, golden yellow and of 84“ to 87° purity; fourth liquor: Last 
runnings, too dark to make granulated sugar and of 76 to 80® purity. As has 
been stated above triple-filtration of these liquors for soft-sugar work is com- 
mon practice. 

182. Boiling to Grain. — ^The vacuum-pans used in refining do not differ 
materially from those of the raw-sugar factory. The white sugar pans are 
usuaUy of a lesser height in relation to their diameter so as to obtain greater 
heating surface per volume and to speed up the boiling. Twelve, 14 and even 
16-foot diameter pans are employed. Oalandria pans are now used for remelt 
sugars. Most refineries now evaporate in multiple-effect a part of the No. 1 
liquor coming from the char filters, generally to a brix of 67® or even 70®. 
This heavy liquor is used to charge the pans thereby economizing both in time 
and in fuel. White sugar strikes using this heavy Uquor are frequently boiled 
in as short a time as one hour. In general the time is from an hour and half 
to two hours. 

The general principle of the manipulations is the same in the two branches 
of the industry, but from the nature of the product, greater care must be 
exercised in the refinery. This is due to the necessity of boiling sugars to cer- 
tain specifications as regards the size and hardness of the crystals. The raw- 
sugar factory usually aims only to make sugars of a uniform size and hardness 
of grain. In boiling granulated and other hard sugars, a high pan-tempera- 
ture is maintained (160°-180® F.), while for soft sugars, in which a small 
spongy grain is desired, low temperatures (120°~130°) prevail. 

Selected water-white first liquors are used for the fancy grades of refined: 
cubes, cut-loaf, confectioner’s sugar, etc. The bulk of the output is the gran- 
ulated sugar of commerce, called in the trade “ standard fine granulated ” and 
the boiling system is planned for the production of this grade. The system 
generally employed is to have one or more pans continually working on 
** straight liquor ” strikes, while the sirups purged from two of these strikes are 
combined and boiled in another pan to “ first sirup strikes.” These strikes 
yield still lower purity sirups which are combined and boiled to “ second 
sirup strikes.” The sirups purged from these “ second sirup strikes ” com- 
bine to make a strike which yields a sirup of about 90® purity and this is sent 
back to the char-house for refiltration where it is called ** granulated sirup ” 
or ** sirup for boneblaek,” and returns to the pan floor as “ second liquor.” 

The second liquor and the third liquor are boiled to make off-granulated ” 
sugar. This is a slightly “ off-color ” sugar which is disposed of by gradually 
and slowly mixing it with the better grade of granulated strikes. 

The sirups from the off-granidated strikes are boiled with fourth liquor for 
“ high remelt ” strikes of 76® to 80® purity. The sugars of these strikes are 
washed to a high test (98® purity) and are melted directly with the washed raw 
sugar. The sirups from these strikes are boiled back on a footing of fourth 
liquor to make strikes of about 67® purity. These magmas are discharged 
into* crystallizers where they are kept in motion during two to three days. 
They are then purged without the use of wash-water and yield a sugar from 
86® to 90® purity. This sugar may be mixed with high-test raws and washed 
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with them, or, it may be melted directly with other low-grade raws and be sub- 
mitted to the processes already described. Preferably, the sugar is mingled 
with a heavy sirup of low test, repurged and washed to give a 96®-98° test 
sugar which is then melted and sent to the defecators with the “ high remelt ” 
sugars. 

The sirups purged from these low-grade remelt strikes form the residual 
sirup or '' barrel sirup ” of the refiners. 

In the days when soft sugars were produced by some refineries to the extent 
of 25 to 30 per cent of the total output the pan-boiling system of the “ soft- 
sugar hoxises ” revolved aroxmd the production of softs, although the high- 
test liquors were boiled to granulated sugar in much the same way as that 
described above. Now few American refineries produce soft sugars beyond 
5 per cent of their output and the majority do not reach that figure so the 
boiling of soft sugars, though still a very important and profitable part of 
refining, has been more or less subordinated to the production of granulated. 

Soft sugars are graded according to color, varying from an almost pure 
white to a deep brown sugar. The desirable characteristics from the trade 
point of view are texture, which should be spongy and free from any sharp 
crystalline appearance; color, which besides conforming to the desired grade 
should be free from grayish or greenish tones; flavor, freedom from harshjjor 
salty taste; while the r^er seeks in addition to these keeping quality and low 
polarization. Soft sugars to attain these characteristics must be boiled 
from liquors free of turbidity, low in total color and free from greenish-gray 
cast, relatively low purity, low in ash and high in invert sugar content. 
These characteristics of the liquors are in part due to the character of the raws 
being melted but are largely dependent on char-filtration. Given the grade 
of softs which the market requires, liquors conforming to the characteristics 
and proper test are selected for the production. 

The sirups from soft-sugar strikes are either boiled back directly or are first 
char-filtered, as the needs require. The varying demand for the different 
grades necessarily precludes the possibility of a fixed boiling system. 

183. Drying and Finishing the Product — ^The separation of the crystals 
from the sirup in the magmas is effected by centrifugal machines such as are 
used in the factories. The white sugars are very thoroughly washed in the 
machine to remove all adhering sirup. The moist sugars are conveyed from 
the centrifugals to distributing-bins above the granulators by belt conveyors 
or scrolls, and bucket elevators. 

The bulk of the white sugar is sent through the granulators for drying. 
The granulator also separates the cr 3 rstals from one another, hence its name. 

The granulator is an iron drum (Fig. 51) about 6 feet in diameter and 25 
feet long, slightly inclined to the horizontal toward the discharge end, and 
revolving on trunnions. A series of narrow shdves attached to the inside of the 
drum, longitudinally, serves to lift the sugar and let it fall through heated 
air as the drum revolves. The air is heated either by means of a steam drum 
extending through the middle of the granulator or by a large group of steam- 

Thetotal production of soft sugars in the United States in 1927 was 3.7 per ceA 
of the raws melted. 
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pipes at the discharge end of the drum. The air is drawn over the pipes and 
through the granulator by an esdaaust fan which removes the sugar-dust. 
The illustration (Pig. 61) is of a Hersey granulator, the usual American type. 

Two granulator-drums are usually operated in series, one above the other. 
The sugar leaves the upper drum partly dried and quite hot, hence very little 
steam is required to complete the (hying in the loser section. The sugar 
should leave the lower drum comparatively cool, preferably bdow 110®. 
A third drum, connected in series with the other two,and containing no heating 
element, is sometimes used to cool the sugar. (See 138 concerning caking of 
sugars.) The sugar falls from the granulator to a set of screens which classify 
it according to the size of the crystals, remove the lumi)S and coarser dust, and 
deliver the products into the packing-bins. The screens formerly used were of 
the “bolter” t3q)e, being a revolving horizontal casmg, inclined slightly, covered 
with wire screen of the desired mesh through which the sugar falls, the 
“ tailings ” being delivered at the far end of the bolter. The more modem 



Fig. 61. — Granulator Drum. 


screening devices are of the vibrating or tapping types. These consist of fla* 
screening frames, inclined at about 35® to the horizontal, down which the sugar 
flows while mechanical devices tap or vibrate the screening surface to cause the 
crystals to go through the meshes. The screened sugar is packed direct as 
it comes from the screens, or xnay be sent to storage bins for packing during 
the daytime only. 

The greater proportion of the refined sugar goes into 100-pound bags 
(either cotton-Kned bmlap or coarse heavy cotton) into which the sugar is 
automatically weighed and then sewed (see Fig. 62). Barrels, which formerly 
were in greatest demand, are now packed in relatively small proportions. 
Small cotton packages, paper packages, and cartons are all automatically 
filled, weighed and closed, the multiplicity of grades and packages making 
the “ finishing house ” of a large refinery an elaborate establishment in itself. 

Granulated sugar now forms a large part of the output of all refineries and 
the total product of the smaller establishments. This grade is classified 
according to the size of the crystals as extra coarse, coarse, fine and extra fine 
granulated. The ordinary commercial granulated is the fine grade. Fruit 
granulated is the finer screenings from fine-grained sugar. As has been ex- 
plained in an early chapter of this work, the size of the grain is determined in 
the pan-boiling. 
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184. Other Classes of Refined Sugar. — The various kinds of lump and loaf 
sugars are made by mixing sugar of the proper grain with a heavy white sugar 
sirup to form a moist mass. This is then variously treated by pressing or 
moulding to form the cubes, or slabs, after which the cubes or slabs axe dried 
in hot-closets. The cubes are ready for packing after they have been dried. 

The slabs and bars are cut 
or sawed to form cut and 
sawed loaf-sugar. These 
are broken down in mak- 
ing crushed loaf-sugar. 

Powdered or pulverized 
sugars of various degrees 
of fineness are made by 
grinding coarse granulated 
in a mill and passing it 
through bolting-cloth. 

Brilliant or candy “ A ” 
is a large grain sugar which 
is barreled while moist, 
just as it leaves the cen- 
trifugal machine. Confec- 
tioners* “ A ** is a smaller 
grain sugar packed in the 
same way. 

The soft sugars, white 
and yellow, have already 
been described. These 
sugars are packed while 
moist, directly from the 
centrifugals. The soft 
sugars are classified ac- 
cording to a scries of 
arbitrary trade color- 
standards numbered from 
1 to 16 and put out by 
the Sugar Institute, Inc. 
These standards are now 
accurately graded by spectro-photometric analysis (see page 290). 

185. “ Barrel Sirup.” — ^The sirups purged from low-grade remelt strikes 
form the residual sirup which is stored in large tanks as in the raw factory and 
then packed in barrels for the market or shipped in tank cars. As a rule the 
sirup is diluted to 55* Brix and reboiled ** smooth *’ before barreling. Certain 
refineries pay especial attention to this sirup and char-filter it to improve the 
color before reboiling. Much of it is sold as “ black-strap ** in the form that 
it comes from the centrifugals. 

This sirup varies in composition through'lratber wide limits, depending on 
the class of sugar from which it is derived and upon other faotbts. A typical 
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analysis would be as follows: Brix, 84°; polarization, 84 per cent; reducing 
sugars, 22 per ceat; ash, 6 per cent; water, 22 per cent; organic non-sugar, 
16 per cent. 

186. Yield of Refined Sugar.— The yield of sugar in a refinery is e^qpressed 
in percentage terms of the raw sugar melted. The following figures are illus^ 
trative: Polarization of the melt, 96**; granulated yield, 93.6 per cent; sirup 
yield, 5 per cent at 34® polarization (1.7 per cent of sucrose per cent of melt). 
Sucrose lost in manufacture, 0.7 per cent. If other sugars than granulated 
are made they are calculated to a basis of granulated sugar and sirup. 

Refinery Technical and Chemical Control 

187. Introductory. — ^The technical control of a refinery is more positive 
and direct than that of a raw-sugar factory because the weighing and analysis 
of the raw material entering the refinery offer no difficulty. All the control 
figures are computed upon the basis of the weight of raws. A technical state- 
ment may be made up with comparatively few figures — the analysis and weight 
of the raw sugar melted; the analyses and weights of the refined sugars and 
sirup produced; the stock-in-process figures for the beginning and end of the 
period. 

Technical Control . — ^Each package of raw sugar is weighed and sampled as 
it is dumped and the samples are polarized at convenient intervals, usually 
twice daily. Complete analyses are made weekly, or as often as desired, of a 
weighted sample made up from the daily melts. Besides the average polarizar 
tion, which is computed from the component polarizations, the invert sugar, 
moisture, ash and organic non-sugars are determined by the usual methods of 
sugar analysis. The analysis of the melt of the technical period is computed 
from these analyses and the weights of material which they represent. 

The refined sugar is weighed immediately after packing or, more generally, 
automatically weighed as packed. No analysis of the granulated sugar is 
made and its polarization is always taken as 100®.®* Soft sugars are weighed, 
sampled and analyzed, as in the case of raw sugars, and a weighted average 
analysis is calculated for the period. 

The barrel-sirup is sampled and measured by lots and the density and polar- 
ization of each is determined. The weighing may be conveniently done by 
means of the Pneumercator.” (See 377.) Weekly complete analyses are 
made of a composite sample and a weighted average analysis for the technical 
period is computed. At the end of every period— usi^y the technical 
periods include four weeks — ^an inventory of the material in process is mad^ 
All material containing sugar is measured and sampled. The density and 
purity of the samples are determined. The pounds of solids compu^ 
from the volume of the material in cubic feet and the pounds solids per cuwc 
foot, as indicated by the density. The soHds multiplied by the purity give the 

sucrose. The solids less the sucrose give the soHd impurities. In this way the 

total solids, total sucrose and total impurities in the stock are ascertamed. 

’ '** Thi8 practice is equivalent to correcting the apparent polarization of the 
sugar for temiiersiture error. 
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To compute these figures to available sirup and available granulated sugar, it 
may be assumed that all the impurities will go to make sirup of the same com- 
position as that produced during the period. 

Then: 

Lbs, solid impurities in stock X 100 
Per cent solid impurities in sirup produced 

* lbs. available sirup in stock; (1) 

Lbs, available sirup in stock X polarization of sirup produced 

100 

lbs. sucrose in sirup in stock. (2) 

Total sucrose in stock— sucrose in sirup in stock = lbs. available granulated in 
stock. 


Example: 

Assume a stock in process of 1,180,000 lbs. solids 

850.000 lbs. sucrose 

330.000 lbs. solid impurities. 

Assume a bairel sirup produced as containing: 

Per Cent 


Sucrose 34.2 

Water 22.1 

Solid impurities (ash, glucose, organic) 43.7 


330,000 X 100 
43.7 


778,032 lbs. available sirup; 


100.0 

• . . ( 1 ) 


778,032 X 34.2 
100 


258,261 lbs. sucrose in sirup in stock; . 


( 2 ) 


850,000 — 258,261 « 691,739 lbs. available granulated in stock. 


The increase or decrease in the available granulated in stock in process at 
the end of the period as compared to that at the beginning is added to or sub- 
tracted from the actual production of granulated for the period; the same cal- 
culation is made with regard to the sirup produced and the sirup in stock. 
These are net productions of sugar and sirup for the period. 

These net weights produced are each divided by the weight of raws melted 
to give the net productions per cent melt. The analyses of the granulated, 
the soft sugars and sirup are calculated to per cents of the melts by multiplying 
each constituent of the analysis of each of these three products by the pe!i> 
centages of the product in terms of the melt. The various constituents of 
these analsnses per cent of the melt can be totaled to give the analysis pf the 
Gombined outDut of the refinery in ternos of the melt. A ooifipari^n t^ 
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snslysis with that of the melt itself gives the increase or decrease of each coii-> 
stituent during the process of refining. 

To illustrate this, let us assume a set of net yields for a refinery period and 
calculate the loss in sucrose for the period: 

Polarization of the melt 96.20® 

N et yield of granulated 90.58 per cent 

Soft sugars produced 3.9 per cent at 88.8® polarization 

Net sirup production 4.5 per cent at 34.1® polarization 

Then, 

Sucrose in melt 96.20 

Sucrose in granulated per cent melt = 90.58 

3.9 X 88 8 

Sucrose in soft sugars per cent melt =* ^ = 3.46 

100 


Sucrose in sirup per cent melt. 


4.5 X 34.1 


= 1.53 


Sucrose in total product per cent melt 95.57 


Sucrose lost in refining per cent melt, 


0.63 


Following this same method of calculation, the gain or loss of invert sugar, 
ash, water and organic non-sugar may be traced. 

188. Chemical Control. — ^The chemical methods employed in a refinery 
are similar to those used in factory work as described in the sections of this 
book devoted to analytical procedure. Clerget sucrose as well as direct 
polarization are determined on entering raws, barrel sirups and soft sugars in 
order to check the “ sucrose balance ” previously described. 

The routine control of the refinery depends largely upon determinations of 
the purity of the materials in the successive steps of the process. The char- 
filter and pan-work are entirely controlled on a basis of purity. The number 
of these purity tests required day and night is so large that the work is usually 
conducted in a separate laboratory, on or near the vacuum-pan floor, by boys 
trained to do only this testing. This leaves the chemists free to do the analyt- 
ical work involved in the technical control. 

The dilute purity method of Casamajor is used in this work. The material — 
liquor, magma or sirup — is diluted to any convenient density, usually between 
15® and 20® Brix, and the corrected Brix is determined. A part of the solu- 
tion is clarified with Home's dry subacetate of lead, if such preparation is 
necessary, and after filtration it is polarized directly. The polariscope reading 
multiplied by the factor corresponding to the degree Brix gives the purity 
coeflBicieut. The factors are computed from the formula Factor = 


26.0 X 100 

99.718 X sp. gr. (20®/20®) X Brix 


which is Casamajor's formula as modified 



184 


SUGAR REFINING 


by Rice for temperatures of 20® C. A table of these factors is given on page 
493. The figuring is simplified by the use of the expanded Home's table of 
purities for use in refinery control, given on page 494. 

pH Control — ^This has become an essential part of refinery control work. 
The various methods that are used are as given in Chap. XXII. The regulation 
of the reaction at the blowups has already been referred to (p. 161) and main- 
tenance of pH within close limits is customary at this station. Tests of the pH 
of the materials going on and coming off the char are also frequently made and 
the pH of the water-extract of the revivified char has been shown to be of the 
greatest value (p. 173) . A careful study of the whole subject of pH control in a 
large refinery has been published by Blowski and Holven.®^ 

189. Special Analytical Methods . — Black Paste , — A convenient routine 
method for determining the available phosphoric acid (PaOs) in monocalcic 
phosphate-paste is as follows: Wash 10 grams of the paste into a 200-ml. flask 
with distilled water, breaking up the lumps with a rod. Make up to the mark, 
mix thoroughly by shaking and filtei*. Titrate 20 ml. of the filtrate (1 gram of 
the paste) with tenth-normal alkali, using methyl-orange as the indicator. 
This gives the acidity due to uncombined hydrochloric acid. The number of 
milliliters of N/10 alkali, with methyl-orange indicator X 0.365 « per cent 
free hydrochloric acid (HCl). 

Titrate a second 20-ml. portion of the filtrate, using phenolphthalein indi- 
cator. This titration gives the total acidity due to the acid phosphates and 
the free acid. The calculations are made as follows: Number of milliliters 
N/10 alkali with phenolphthalein indicator — ^milliliters N/10 alkali, methyl- 
orange indicator X 0.35 = per cent available phosphoric acid (P 2 O 6 ). 

Boneblack: Preparation of the Sample . — ^After thoroughly mixing the sample 
reduce it to 200-300 grams by subsampling. Pass a magnet through a thin 
layer of the sample to remove particles of iron that may have gotten into it 
from the retorts and filters. Grind about 100 grams of this prepared char in 
a porcelain mortar to a powder, all of which should pass through a 100-mesh 
sieve. The ground sample must be kept in a tightly stoppered bottle to pre- 
vent absorption of moisture. 

Bonehlojck: Moisture DetermincUion , — Heat 5 grams of the unground por- 
tion of the subsample during four hours at 110® C. 

Boneblack: Carbon and Insoluble MoU&r . — Treat 2 grams of the ground 
char with 10 ml. of concentrated hydrochloric acid and 50 ml. of water. Boil 
gently for fifteen minutes, filter through a tared Gooch or alundum crucible and 
wash the residue with water to the disappearance of chlorides. Dry the 
crucible and contents at 100® 0. and weigh; ignite to constant weight over 
the flame of a lamp. 

Loss on ignition 2 X 100 =? per cent carbon; 

Residue after ignition ^ 2 X 100 » per cent insoluble matter. 

BonMcKik: Determination of Calcium Sulphate . — ^To 25 grams of the pow- 
dered char, in a 250-ml. flask, add 25 uglI. water and 100 ml. concentrated hydro- 
chloric acid, gradually. Boil fifteen minutes. Add about 100 ml. water, and 
ijfter cbolixig to room temperature, dilute to the mark with water, mix and 

^ Ind. Bag, Chem.’ Vol. 17 (1926), No. 12. 
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filter. Evaporate 200 ml. ( « 20 grams of char) of the filtrate to about 150 ml. 
Proceed with the analysis as is described in page 398, using the concentrated 
solution obtained as above. The barium sulphate precipitate should be first 
washed by decantation. Calculation: Weight barium sulphate -i- 20 X .5833 
X 100 = per cent calcium sulphate (CaS 04 ). 

Bomhlack: Determination of Calcium Sulphide. — ^To 25 grams of the pow- 
dered char in a 250-ml. flask add 0.5 gram of potassium chlorate, than 25 ml. 
of boiling water and follow this with 100 ml. concentrated hydrochloric acid, 
added very slowly. Proceed as in the determination of calcium sulphate, 
described above. Great care must be exercised in adding the acid, very slowly 
at first, in order that no sulphur be lost as hydrogen sulphide (H 2 S). The 
barium sulphate obtained in this analysis corresponds to the sum of the sul- 
pliide and sulphate in the char. Subtracting that already found for the cal- 
cium sulphate leaves the barium sulphate equivalent to the calcium sulphide. 
Calculation: (Total barium sulphate — barium sulphate derived from the cal- 
cium sulphate) 20 X .3091 X 100 = per cent calcium sulphide (CaS). 

Bonelilack: Volumetric Determination of the Iron,^ — ^The following 
reagents are required: 

(1) Standard potassium permanganate: Dissolve 4 to 5 grams of the salt 
in 1000 ml. of water. Check this solution against an iron solution of known 
strength, prepared as follows: Dissolve 2.5 grams of piano wire, or of the grade 
of iron wire that is prepared especially for standardizing, in a small quantity 
of hydrochloric acid, and dilute this solution to 250 ml. in a graduated flask. 
Use 50-mL portions of this solution xznder the conditions of the analysis, as 
below, in standardizing the permanganate. 

(2) Phosphoric acid and manganous solution: Dissolve 50 grams of man- 
ganous sulphate crystals in about 250 ml. of water, with the addition of a few 
drops of sulphuric acid; add 250 ml. of phosphoric acid solution of 1.3 specific 
gravity, followed in order by 150 ml. of water and 100 ml. of concentrated 
sulphuric acid. The phosphoric solution may be prepared from the 85 per 
cent acid (H3PO4). 

(3) Stannous chloride solution: Dissolve 30 grams of pure granulated 
tin in 125 ml. of concentrated hydrochloric acid, with heating. Solution is 
promoted by the addition of a few pieces of platinum foil. Dilute the solution 
with 250 ml. of water and filter it through asbestos. Add 250 ml. of con- 
centrated hydrochloric acid and 500 ml. of water to the filtrate. 

(4) Mercuric chloride solution: Dissolve 50 grams of the salt in 1000 ml. of 
water. 

Proceed with the analysis as follows: Ignite 10 grams of the powdered 
boneblack and digest the residue with 30 ml. of concentrated hydrochloric 
acid, with gentle boiling during fifteen minutes. Filter the solution through 
a Gooch crucible and wash the residue thoroughly with small quantities of hot 
water. Heat the filtrate, contained in a large Erlenmeyer flask, to nearly 
boiling and add the stannous chloride solution to it drop by drop until the 
yellow color disappears. Add 60 ml, of the mercuric chloride solution, all at 

** Adapted from Clowes and Coleman’s “Quantitative Aixalysis,” 6th ed., 

p. 206. 
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once, and mix well by shaking the fask; add 60 ml. of the phosphoric acid 
and manganous solution and 600 ml. of water. 

The titration of the material prepared as above may be conducted in the 
flask placed over a white background or the solution may be transferred to a 
large porcelain dish. The flask, in the latter case, should be thoroughly 
washed and the washings added to the solution in the dish. Add the standard 
permanganate solution from a burette, with constant stirring, until the liquor 
assumes a faint pink color, which should disappear after three or four minutes' 
standing. 

Make a similar titration of the solution prepared with the iroh wire to ascer- 
tain the iron value of the permanganate solution. The percentage of iron in 
the char may be readily calculated from the data obtained in the two titra- 
tions. 

Boneblack: Calcium Carhonoite and Phosphates , — The calcium carbonate 
may be determined by the methods on page 394. 

The percentage of phosphoric acid is of no particular significance, except 
when the spent char is to be sold on a basis of its fertilizing value. In this 
event, the customary methods of agricultural analysis are used. 

Boneblack: Thoroughness of the Revivification , — ^The test of the efficiency 
of the revivification is of great value in the control of the kilns. Tests are 
made at very frequent intervals throughout the operating day on the char as it 
issues from the kilns. 

To a measured volume of char add an equal volume of sodium hydroxide 
solution of 9® Brix. Heat the mixture to boiling for two minutes in a copper 
beaker and decant the soda through filter paper or cotton into a test-tube. 
A properly burned char will impart no color to the soda solution. A yellow or 
a brown color indicates a poor revivification (underburning), the depth of the 
color being directly in proportion to the amount of organic matter remaining 
in the black. An excess of sulphides will give a greenish cast to the solution. 

Ren6 Baus^® proposed the use of permanent standards made of acidified 
brom-thymol blue for the comparison of those tests. As modified since the 
publication, the standards are made as follows: To test tubes containing 
35 ml of 0.5 per cent acetic acid are added 0.2 ml., 0.4 ml., 0.6 ml., etc., up to 
2.0 ml. of the 0.04 per cent brom-thymol blue used as pH indicator. These 
ten standards are numbered arbitrarily from 1 to 10, number 1 being the light- 
est and number 10 the brownest color. Soda tests are compared with these 
and the results may be reported numerically. 

The pH of the water extract is possibly of greater importance than the soda 
test. (See work of Wayne, p. 173.) This is determined by shaking up the 
freshly burned char with neutral water, then filtering through paper or cotton 
that is free of acidity and determining the pH (generally on the phenol- 
phthalein range). If the pH is above 8.4 (that is, pink to phenolphthalein) 
the alkalinity of the boneblack is satisfactory (though a pH as high as 9.0 is 
preferable). If below this the temperature of revivification should be raised, 
m matter whether the soda test shows colorless or not. Formerly, a pink test 
with phenolphthalein on the water extract of the QhiWC was considered as an. 

Ind. A Eng. Chem. Vol, 19 (1926), No. IX. 
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indication of over-buming,” though zuany refiners recognized that moderate 
over-buming in this sense was a virtue rather than a fault. Now there is little 
possibility in ordinary kiln work of reaching the limits of true over-burning 
(pH of 9.64*). 

Bond>lack: Grist Test Prequent determinations of the grain size of the 
boneblack are useful. A mechanical screen of the Bo-Tap type should be 
used, 100 grams being a convenient sample. Hardness ” tests on boneblack 
have been suggested by Knowles,*’ Home and others baaed on the principle 
of determining the extent of grinchng of the char in a ball mill under regulated 
conditions. The test is described by Knowles as follows: 

For purposes of test, the sample of boneblack is sieved to obtain the 16 X 
24 fraction. One himored grams of this fraction are sieved on 24r-mesh and 
6^mesh sieves for ten minutes, using a Ro-Tap mechanical sieve shaker. 
The portions passing the 24-mesh and 50-mesh sieves are weighed. The 
three fractions are reunited and put in a ball tthII (t\imip-type) with 10 steel 
balls f inch diameter. After rotating the mill for fifteen minutes, or for 460 
revolutions, should the speed be somewhat different than 30 r.p.m., the char 
is removed and resieved. The total net loss on 24-mesh has been termed the 
** shrinkage number,*^ and the net gain through 60-mesh has been designated 
as the “ discard number,” it being assumed that in practice char finer than 50- 
mesh would be removed by screening. 

Duplicate tests give results t^t sddom vary more than 0.5 for the shrink- 
age number and 0.2 for the discard number. 

BorMack: Weight per Cubic Foot — ^Both the loose ” and “ packed ** 
weights are required. These weights are calculated from the apparent spe- 
cific gravity of the char imder the two conditions. 

Loose weight: Fill a taxed 600-ml. flask loosely with char. The jflask 
should not be shaken or tapped during fiOfling, The weight of this char 
divided by that of an equal volume of water gives the apparent specific gravity 
of the sample. Calculate the weight as below. 

Packed wei^t: Proceed as before except that the flask should be shaken 
and tapped constantly while filling until no more char can be added to the 
flask below the mark. Multiply the apparent specific gravities by 62.5 to 
ascertain the weights of a cubic foot of the char. 

Boneblack: DetxiUjrizmg Power , — ^By far the best test of a boneblack is its 
performance in actual use. Laboratory filtrations for comparing the decolor- 
izing and adsorptive powers of chars may be carried out in cylindrical copper 
funnels of convenient dimensions, e,g,y 4 inches in diameter by 15 inches high. 
Each funnd should be provided with a small cock at the bottom. The char 
should rest upon a perforated copper plate covered with cloth. The funnels 
or filters shoifld be immersed in a water-bath, provided with suitable openings 
for the outlet-cooks, and should be filled to within a few inches of the top with 
the chars to be compared. The weight of the char should be the same in each 
of the filters. 

A suitable solution for comparisons is prepared by dissolving a molasses- 
sugar to form a liquor of about 55® Brix clarified by ffltration with kieselguhr 
as in the refinery. This liquor should be heated to about 165® F. and equal 

a’ Ind. Eng. Chem. Vol. 19 (1927), No. 2. 
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portions of it should be added to each filter, little, by little, or as under service 
conditions, to avoid forming air-pockets. After covering the char, the 
remainder of the liquor may be poured into the filter. Maintain the tempera- 
ture of the water-bath at 160°-170® for several hours and then draw off the 
filtered liquor from the outlet-cocks. Compare the colors of the filtrates and 
unfiltered liquor and make complete analyses of each. The percentage absorp- 
tion of color, ash and organic non-sugars, as well as the improvement in purity 
and the change in the glucose ratios may now be calculated for each char, 
using the constituents of the unfiltered liquor as a basis. A supply of a good 
grade of boneblack should be kept as a standard of comparison, if many such 
tests are to be made. 

It is essential in all tests of this character that the conditions of the experi- 
ment shall be identical for all the samples of black to be compared. Certain 
points of the procedure must necessarily be arbitrary and the conditions can 
best be chosen to suit the particular requirements of the experiment. In so 
far as is possible, factory conditions as regards temperature, ratio of char to 
sugar, density of the liquor, etc., should be maintained. Freshly burned black 
should be used in these tests as the adsorptive power changes on cooling and 
exposure to the air. 

190, Examination of Refined Sugar. — Chemical analysis of refined sugar is 
rarely needed since it polarizes so close to 100® (corrected for temperature) 
that the difference is immaterial for most purposes. The moisture is generally 



Fto. 53. — Chart for Recording Grist Tests. 


determined as a routine procedure, 
0.02 per cent to 0.05 per cent being 
the limits of dry refined. 

Grist Test , — Grain analysis is 
useful in controlling the pan work 
and keeping the commercial product 
within reasonable limits. Mechani- 
cal screening devides, such as the 
Ro-Tap, are convenient and give 
tests which check well with each 
other. A simple graphic method 
of reporting screen tests is shown 
in Fig. 63. Study of results of many 
tests showed that the significant 
figures were the amount of sugar 
staying on a 30-mesh screen (di- 
rectly proportional to the coarse- 
ness of grain) and the amount of 
sugar going through a50-mcsh screen 
(inversely proportional to coarseness 


of grain). By representing two 
vertical scales as shown, one direct and the other inverse, results may be 
reported as shown by the dotted lines. The sugar represent^ by line (1) had 
31 per cent of coarse (above 30) and 16 per cent of fines (below 5Q),and the sugar 
is immediately seen to be a rath^,. 9 oar 8 e grade of fine granulated , (True 
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coarse graaulated is much larger.) Sugar (2) has 16 per cent on 30 mesh and 
26 per cent through 50 mesh and is an “ extra fine ” grani^lated. Sugar (3) 
has 27 per cent on 30 and 24 per cent on 50 and is seen to be a badly mixed 
grain, i,e,, much coarse and much fines mixed. Examination of the grain of 
refined sugar by the “ projectoscope ” described in Sec. 146 is frequently of 
value. 

Color of Refined Sugar , — This is generally judged with the eye, by com- 
parison under artificial “ daylight light ” with other sugar. If the sugars are 
placed in two small piles side by side and then flattened down by a piece of 
paper until they come together the line of demarcation will show otherwise 
imperceptible differences. 

The so-called “ blowup test ” is also useful. It consists of examining a 
heavy liquor made from the sugar (2 parts sugar to 1 part distilled water, 
brought to a boil to expel air bubbles) for color and turbidity. A high-grade 
refined for candy making should show a water-white liquor when examined 
in a Nessler tube, while ordinary granulated sugar should be at most a faint 
golden yellow, with no tendency to grayish or greenish casts. A simple 
turbidiscope by Home and Bice which m&y be used for examining these and 
other sugar liquors for turbidity, is described as foUows: 

The source of light is a good, nitrogen-filled, concentrated filament, incan- 
descent lamp bulb, hung in a tin cylinder fitting quite closely around it and 
extending a little above the top of the lamp and about 1 cm. below the filament. 
About 1 cm. below this cylinder a second tin cylinder is attached by three 
soldered wires, and both are painted black on the outside and inside to prevent 
dispersion and reflection. Around each cylinder is a metal annulus perforated 
with holes to accommodate test tubes. At the bottom is soldered a broader 
annulus of tin to serve as a support for the test tubes. It can also serve as a 
base for the apparatus, but it is better to support it by the lamp socket, so 
that it can be easily turned and will be air-cooled. When the solution to be 
examined is put into a tube and set in the rack, there becomes apparent 
Tyndall^s phenomenon of the reflection of light by the minute suspended 
particles, all viewed against a black background. 

Candy Test . — ^This test has been used for a great many years to approxi- 
mate the conditions of making hard candies. To 227 grams of the sugar add 
87 ml. of distilled water in a copper casserole of about 760 ml. capacity. Heat 
over a naked flame so regulated that the total time of heating to 350® F. 
(177® C.) will be 21-23 minutes. The mixture is constantly stirred until 
the sugar is dissolved after which the stirring rod is removed. The solution 
should start to boil in 5^} minutes, after which the casserole is covered with a 
watch glass. 

After heating fifteen minutes from the time the casserole was first placed 
over the flame, remove the watch glass, insert a thermometer and stir con- 
stantly with the thermometer until the temperature reaches 350® F. Remove 
the casserole from flairte immediately and pour the contents rapidly on a cold 
slab. After the candy is brittle, it may be broken up and polarized. A com- 
parison of the darkening and the drop in test of the “ candy ” caused by the 
heating are the points of interest to the candy-maker. 

** Ind. and Eng. Chem. Vol. 16 (1924), No. 6. 
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This test came into some prominence in conjunction with a study of col- 
loids in cane and beet sugar manufacture by Paine, Badollet and Keane of the 
Carbohydrate Laboratory of the Bureau of Chemistry. They determined 
polarization, pH, surface tension, and reducing sugars on several sugars and 
their corresponding candies made by the test as well as the color of the 
candy. There were no very convincing findings as to the relationship between 
the various factors. 

29The Planter. Vol. 73 (1924), Nos. 25-26. 
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CHAPTER XVI 

SUGARS AHD OTHER CONSHTDENTS OF THE CAHE AND ITS 

PRODUCTS 


191. Sugars.— In the manufacture of sugar from cane the sugars of impor- 
tance in the analytical work are sucrose, desrtrose, and levulose. 

Sucrose, or cane^ugar, is the most important of these. Dextrose and levu- 
lose, and possibly other reducing-sugars, usually grouped with them by cane^ 
sugar chemists under the name “ glucose,” are of importance on account of 
their influence in anal3rtical and manufacturing processes. The sugars are 
classed chemically as carbohydrates. A table showing the more important 
chemical and physical properties of the carbohydrates is given on page 526 . 
One of the physical characteristics of the greatest importance to the sugar 
chemist is the property of the carbohydrates of rotating the plane of a beam 
of plane polarized light. 

192. Sucrose, Saccharose, or Cane-sugar.— This sugar is very widely dis- 
tributed in the vegetable kingdom and in its pure state is the refined sugar of 
commerce. In a classification of the sugars it belongs to the disaccharides, 
derivatives of hexoses, and its formula is C12H22O11. The commercial sources 
of cane-sugar are the sugar-cane, the sugar beet, the maple-tree, and certain 
palms. The sorghum-cane is often very rich in sucrose, rivaling the tropical 
cane, but the manufacture of sugar from this plant has not been a commercial 
success, though very large quantities of table-sirup are annually made from 


Sucrose crystallizes in the monocMc system, forming hemihedral anhy- 

17 §° 

drous transparent crystals. The specific gravity of the crystals at C. is 

li58046 (Gerlsch). Sucrose is readily soluble in water and in dilated alcohol. 
It is practically insoluble in absolute alcohol, ether, cblordfonn and anhydrous 
glycerine. Dry sucrose, free of raffinose or other impurity, may be heated 
to a temperature of 120M25‘’ C. without discoloration it melts at a tempera- 
ture of 1^” C. Moist sucrose decomposes at temperatures above 100° C. 

It has long been known that sucrose 'dten wanned with acids changes its 

191 
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chemical and optical character. The chemical change is pressed by the 
reaction. 

C12H22O11 + H2O == C6H12O6 4 " C6H12O6 

Sucrose Water Dextrose Levuloso 

This adding-on of water gives rise to the term “ hydrolysis.” The optical 
result is a change from right rotation to left rotation and on account of this 
reversal of the optical properties the process is termed “ inversion ” and the 
product, which is a mixture of equal parts of dextrose and levulose, is called 
invert sugar.” Certain ferments (the commonest being invertase, present 
in yeast and in the saliva) have the same property of hydrolysing or inverting 
sucrose. Sucrose itself is not directly fermentable but after the inversion the 
invert sugar is readily fermented. The inverting power of acids differs widely 
as is shown by the following table:^ where the inverting power of hydrochloric 
acid is taken as 100. 


Acid 

Inverting 

Power, 

HCl-lOO 

Acid 

Inverting 

Power, 

HCl^lOO 

Hydrobromic 

111.4 

Phosphoric 

IBIMRIIH 

Hydrochloric 

100.0 

Citric 

1.72 

Nitric 

100.0 

Formic 

1.63 

Methylsulphonic 

100.0 

Malic 

1 27 

Sulphuric 

53.6 

Lactic 

1.07 

Oxalic 

18,67 

Acetic 

.40 





The speed of inversion is closely proportional to the electrical conductivity 
of the acid and its chemical affinity. Raising the temperature greatly increases 
the inverting power, the rate of increase being about the same for all acids. 

Sucrose in common with many other substances has the property of rotat- 
ing the plane of polarization of a ray of light. It rotates the plane to the right 
and is termed dextrorotatory. This property is utilized, as will be shown 
(see 198), in the construction of polariscopic apparatus, for the analysis of 
sugars. 

198. Dextrose. — ^This sugar is also widely distributed in the vegetable 
kingdom, where it is found in mixtures with other sugars. Its chemical for- 
mula is C 6 H 12 O 6 and it belongs to the monosaccharides (aldo-hcxoses). Dex^ 
trose is always present in sugar-cane, and when sucrose is inverted, it and levu- 
lose are formed in equal quantities. 

Anhydrous dextrose forms rhombic crystals whose melting point is 144®- 
146® 0., and the hydrate forms crusts or transparent crystals which melt at 
80®-90® C. Dextrose, is manufactured pn a large scale axid sold as corn ” 
sugar. i.:lt. has a sweetniess of about, two-thirds that of sucrosei. 

^ Browne’s ” Handbook of Sugar Analysis,” page 663. 
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Dejctrose is readily soluble in water and in alcohol, the solubility in the 
latter varying with its dilution and temperature. It rotates the plane of 
polarization of light to the right, as the name would imply. 

The chemical methods for the detection and estimation of dextrose, as 
well as other sugars, are based upon its property, in alkaline solution, of 
absorbing combined oxygen and reducing metallic oxides to lower oxides. 
The reaction utilized in analysis is the reduction of cupric copper in certain 
forms to insoluble cuprous oxide. For other properties of dextrose, refer to 
the table, page 526. 

194. Levulose.“-This sugar is usually associated With dextrose and sucrose 
in sugar-cane. It is widely distributed, and is often called fructose or fruit- 
sugar. Levulose is a monosaccharide, hexose (keto-hexose) ; it forms colorless, 
shining, crystals of the rhombic system, which are hygroscopic and until 
recently were considered dijBficult to produce. In 1926 Jackson, Silsbee and 
Profitt ® published a method for producing it on a manufacturing scale from the 
Jerusalem Artichoke (Helianthus tuberosas). Former investigators had 
reported levulose as having a needle-like crystal but they found that when 
crystallized from a water solution, it always had the shape of a slightly tilted 
cube. Levulose is sweeter than sucrose, the relationship in sweetness being 
variously stated by different investigators from 103 per cent to 173 per cent 
that of sucrose. The crystals melt at 95“--105® C. The chemical formula of 
levulose is CeHiiO®. This sug£ur is very soluble in water and alcohol. It 
rotates the plane of polarization of light to the left, and is therefore termed 
laevorotatory. In mature cane the quantity of levulose is small as compared 
with the dextrose. Both these sugars are sometimes present only in faint 
traces, and occasionally the levulose is absent. 

Even though levulose be absent or present in very small quantity in the 
juice it always appears in large proportion in defecation-process mola^es. 
This increase of levulose is not entirely due to inversion and may occur when 
no sucrose been inverted. Such molasses will often have a low direct 
polarization and a very high, true sucrose number. 

The reappearance or increase of levulose is due to the action of alkahs and 
salts of fliiralia with heat upon the dextrose. A part of the dextrose is con- 
verted into levulose. Likewise under similar conditions levulose may be isomer- 
ized and converted into dextrose. Th^e are many references to this phe- 
nomenon in the chemical and techmoal journals. ^ 

196. Invert Sugar.— When sucrose is acted upon by acids and certain other 
reagents it combines with water and is converted into a mixture of equ^ parts 
of dextrose and levulose. The sucrose is said to have been hydrolized or m- 
verted. This mixture of sugars is called invert-sugar. 

The expressions invert-sugar,” “ reducing-sugars ” and “ glucose are 
used synonymously in the cane-sugar laboratories. 

196. Abnormal Constituents of Sugar-cane Products.®— There are a ^e 
number of compounds which, while not occurring normally in the juice of the 


® Bur. Standards Sci. Paper 519. a 

» This arfdde (196, 197) is induded tlirou^ the courtesy d Dr. CShades A. 

Browne, who prepared it at Dr. Spencer’s request. 
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cane^ yet occasioixally make their appearance in the cane and its numerous 
products, as the result of fermentation or of destructive influences during the 
process of manufacture. These abnormal products may be roughly classified 
as follows: firstf sugars and closely related derivatives of the same; second, 
the gums; third, acids; fourth, alcohols and esters; fifth, gaseous products. 
A few of these numerous compounds may be briefly mentioned: 

1st, Sugars and dosdy related derivatives of the same. 

Mannose, CeHiaOe, and the non-fermentable sugar glutose C 6 H 12 O 6 have 
been reported by Pellet * in cane-molasses from Egypt. These two products 
are produced by the action of alkalies upon dextrose and levulose. They occur 
in cane-molasses in perceptible amounts only when an excess of lime has been 
used in the clarification. 

Mannite (CJiuO^). This body is formed in considerable amount through 
the reduction of dextrose and levulose in certain fermentations of juices and 
sirups. Glycerol (CaHaOs) and Dimethylketol® (CiHsOa) have been reported 
in fermented molasses in small amounts. 

2d. The Gums. 

Dextran (06Hio05)n« This gum, a most common and troublesome enemy 
of the sugar-maker, is the product of various fermentations, such as that 
produced by the Leuconostoc (Proschlaich), and is of frequent occurrence in 
canes injured by freeasing or by insect ravages. The formation of this viscous 
gum in canes soon renders them worthless for milling. Its high specific rota- 
tion (+200), three times that of sucrose, introduces a serious error into the 
polarization of cane-products, unless the gum is first removed by alcohol. 
Hydrolysis of dextran, with acids gives dextrose. 

Levan. A gum found by Smith® and Steel in sugar-cane products in Au- 
stralia and produced by the Bac. levaniformans. This organism was found 
to be very destructive in raw sugar; it causes a rapid inversion of sucrose and 
produces the slimy gum, levan, which has a specific rotation of —40. Hydroly- 
sis of levan, with acids, yields levulose. 

Gellulan. A gum found by Browne ^ in the tanks of a sugar-house in Lou- 
isiana. It is formed in certain fermentations of cane-juice and sirup, and con- 
sists of large leathery lumps insoluble in caustic alkali (distinction from dex- 
tran). The gum on treatment with boiling alkali yields a product giving all 
the reactions of cellulose (solubility in cuprammonium and blue coloration 
with zdnc-chloride and iodine), and on hydrolysis with acids is converted into 
dextrose. 

Mannan. A gum found occasionally in the sedementary deposits of fer- 
mented juices and sirups. Hydrolysis of maiman, with acids, gives mannose. 

Ohitine (C 18 H 30 N 2 O 12 ?). This substance, which strictly speaking does not 
belong to the gums, was found by Browne ^ in large quantities in the scums of 

4 Report of the 5th International Congress of Applied Chemistry, 3, 383. 

® Browne, The Planter, 1905, p. 237, vol. 84. 

® International Sugar Journal, 4, 430. 

^ Tthe Planter, 1905, p. 238, vol. 34. 
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hot-room molasses in Louisiana. It is of fungoid origin and on hydrolysis with 
hydrochloric acid yidds an aminensugar, glucose-amine (CeHuOsNHjO* 

3d. AddB. 

Formic, acetic, propionic, butyric, capric, and various other acids of the 
fatty series, have all been found among the fermentation-products of cane- 
juices and sirups. In addition to the above, lactic acid should be mentioned 
as of very common occurrence in juices, sirups, and molasses. The latter 
acid may be formed either by the action of lime upon the sugars of the juice 
during clarification, or through the agency of various organisms, as Oideum 
lactis, Bac. lacticus, etc. 

Oxalic, glutaric, and other dibasic acids have also been reported as occurring 
in molasses in small amounts. 

4th. Alcohol and esters 

Ethyl, amyl, butyl, and other alcohols have been found in the fermented 
products of the sugar-cs^e. The combination of these alcohols with the vari- 
ous acids, acetic, but 3 ric, etc., gives rise to numerous esters, the fruity odor 
of which is characteristic of many fermented cane-products. Ethyl sulphite 
and sulphide have also been found in fermented juices which have undergone 
sulfitation, and the objectionable odor (tufo) of these compounds is frequently 
noticeable in the spirits from tropical distilleries. 

6th. Gaseous 'prodvots. 

Carbonic acid (CO 2 ) is nearly always given off by cane products under- 
going fermentation. In many fermentations a reduction takes place and in 
such cases hydrogen may be evolved. The explosion of hydrogen generated 
from the “ sourwater,” left standing in vacuum pans, has occurred at times, 
and on one occasion with disastrous effects.^ 

Another product in the reducing fermentation of juices which have been 
sulfured is hydrogen sulphide (HjS), and the odor of this gas from sulfured 
juice or sirup which has been left standing a long time is sometimes almost 
unbearable. 

197. Composition of Sugar-cane Molasses. — ^The composition of sugazvcane 
molasses is very variable, being dependent not only upon the composition of 
the cane, but also, and to a much greater degree, upon the process of manufac- 
ture. The table on p. 196, condensed from a large number of analyses made 
at the Louisiana Sugar Experiment Station, gives the approximate composi- 
tion of third molasses. (Browne.) 

The xanthin bodies of cane-molasses are probably derived from the break- 
ing up of the nudeo-proteids of the juice during clarification. A large part of 
the acid bodies of molasses, as melassinic, glucinic, and saccharinic, are not 
present in the juice, but are formed by the action of lime upon the reducing 
sugars in the clarification. 

8La. Planter, 1890, 5, 243. 
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Per Cent 

Per Cent 

Water 

. 20.00 


20.00 



Silica, Si02 

0.50 



Potash, KaO 

3.50 



Lime, CaO 

1.50 



Magnesia, MgO 

0.10 

Ash... 

. 8.00 . 

Phosphoric acid, P 2 O 6 

0.20 



Sulphuric acid, SO 3 

1.60 



Chlorine, Cl 

0.40 



Soda, iron, etc., Na^O, FeoDa, 




etc 

0.20 



f- Sucrose 

32.00 

Sugars 

. 62.00 

Dextrose 

14.00 



L Levulose 

16.00 



Albuminoids 

0.30 



Amids (as asparagin) 

0.30 



Amido acids (as aspartic). . . . 

1.70 

Nitrogenous bodies 

. 3.00 ^ 

Nitric acid 

0.15 

(Total N = 0.5 per cent) 


Ammonia 

0.02 



Xanthin bodies 

0.30 



Other nitrogenous l)odies .... 

0.23 

Soluble gums 

. 2.00 

(Xylan, Araban, Pectin, etc.). 

2.00 

Free acids 

. 2.00 ( 

Melassinic, Glutinic, Sacchar- 


Combined acids 

. 3.00 1 

inic acids, etc 

5.00 

Total 

. 100.00 


100.00 


Molasses also contains a small quantity of carmelization product, the 
amount of these depending upon the temperature of evaporation and boiling ^ 
Caramel is always formed by overheating cane-sugar and is a mixture of several 
dark-colored bodies of xmcertain composition. 

® Caramelan, Caramelen, Caramolin, see von Lmpmann, Chemio dor Zucker- 
arten, 3d ed., 1210. 
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OPTICAL METHODS IN SUGAR ANALYSIS. 

Apparatus and Manipulations 

198, The Polarlscope.--The instrument used in the quantitative estimar 
tion of sugars by the optical methods is usually called a polariscope. The 
names polarimeter ” and “ saccharimeter ” are also sometimes used 

Sucrose, in common with many sugars and other substances, has the 
property of rotating the plane of polarization of a ray of light. Advantage is 
taken of this property in the construction of the polyscope. 

The polarization of the ray of light is accomplished by passing it into a 
Nicol prism. This prism is made from a rhombohedron cut from a trans- 
parent crystal of Iceland spar. The end surfaces of the prism, Kg. 64, are 
ground off so that the acute angles are each 68®. The prism rs. 
is then cut into two parts, A and B, through the obtuse angles, 
and the surfaces are polished and cemented together again, in 
their original positions, with Canada balsam. Other forms of Y 

the prism are used, but this description will answer for the A / 
present purposes. / 

On passmg a ray of light into this prism it is separated into / b 
an ordinary ray, wHch is reflected from the prism by the balsam / 

cement, and an extraordinary or polarized ray, which passes ^ 

through the polariscope and upon whose properties the con- ^ 

struction of the instrument depends. 

Confining our remarks to three sugars of most interest to the ^ 

cane-sugar chemist, it should be noted that sucrose rotates the Nicol Prism, 
plane of polarization to the right and is therefore termeda right- 
hand sugar. The expressions dextrorotatory and dextrogyratory are also 
applied to sucrose. Dextrose also rotates the plane to the right. Levulose 
rotates the plane to the left and is laevorotatory, or a left-hand sugar. 
Quartz is of two kinds, right and left hand, and is used in certain types of 
polariscopes to compensate for the rotation due to sugar. 

The powder of a sugar to rotate the plane of polarization differs for different 
sugars. The number expressing this is termed the specific rotation or i^cific 
rotatory power, and is the rotation in angular degrees which a calculated 100 
per cent solution of the pure substance 100 mm. long gives to the plane of 
polarized light. The expression [a] is used to-indicate specific rotation and as 
it depends upon the wavettength of light employed and the temperature at 
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which it is taken these must be specified. The bright yellow line of sodium- 
light, known as the JD line, is the light almost universally used and the standard 
temperature is 20® C.; the symbol for specific rotatory power under these 
conditions being [a] |?. 

It will be seen that when a ray of polarized light is passed through a solu- 
tion of any given sugar the amount of rotation varies with the strength of the 
solution, the length of the column, the character of the light and the tempera- 
ture. By having a fixed length of column, standard temperature and class of 
light the rotation then becomes a function of the concentration of the sugar 
in the solution. 

These optical properties of sugars, Iceland spar, and quartz are utilized 
in the construction of the polariscope, and keeping them in view the descrip- 
tions of the various types of instruments, as given farther on, will be readily 
understood. 

Polariscopes were formerly of two classes, viz., shadow and transition tint 
instruments but the tint polariscopes have long been obsolete. The shadow 
instruments may be divided into polariscopes using white light, as from an 
electric lamp, and those requiring a monochromatic light, the yellow ray. 
The former are usually employed in commercial work and the latter in scien- 
tific investigations. 

A brief description of the polariscopes in general use will be given in the 
following paragraphs and will be sufficient for the purposes of this book. The 
reader is referred to handbooks of the polariscope for more detailed descrip- 
tions of the theory and construction of the instruments. 

199. Half-shadow Compensating Polariscope (Schmidt & Haensch). — 
The optical parts of this instrument are indicated in Fig. 56. The polari- 
scope shown in Fig. 55 is of the single compensation type. 

At P there is a slightly modified Jellet-Comu Nicol prism, at 1/ is a plate of 
laevorotatory quartz, at E is a quartz-wedge movable by means of the screw A, 
and at D is a quartz-wedge, fixed in position, to which is attached the vernier. 
The scale upon which to note the distance the quartz-wedge B has been moved, 
in compensating for the rotation of the plane of polarization due to interposing 
an optically active body, is attached to the wedge. The scale is graduated, 
for technical work, to read percentages of cane-sugar. These quartz-wedges 
are of dextrorotatory quartz. 

The parts D, B, and L, constitute the compensating apparatus, i,e,, that 
compensates for the deviation of the plane of polarization, as explained above. 
The substance to be examined, dissolved in a suitable solvent, is placed in the 
observation-tube, as shown in the figure. At H is the analyzer, a Nicol prism; 
at P is the telescope used in observing the field, and at M are the telescope 
and refiector for reading the scale. The two lenses at the extreme right are for 
transmitting the rays of light from the lamp in parallel lines to the Nicol prism, 
forming the polarizer. 

The instrument described above is of the single-compensation type. A 
double-compensating instrument is shown in Fig. 56. The polariscope differs 
firom that already described in 'having two sets of quartz wedges of opposite 
^tical properties and two scales and yemiers. The arrangement of double^ 
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compensating wedges is shown in the optical parts of the Bates-Frie instrur 
ment, Fig. 69. 



Fia. 65. — Schmidt and Haensch Single Compensating Polariscope. 


The field of vision of the above instruments, when set at the neutral point, 
is a uniformly shaded disk. If the milled screw, controlling the compensating 
wedge, be slightly turned to the right or left, one-half of the disk will be shaded 



Schmidt and Haensch. 

Fig. 66. — ^Double Compensating Polariscope. 

and the other light. It is from this half-shaded disk and the compensating 
wedges that this instrument takes its name. 

The optical parts of all modem instruments are protected from exposure 
by the cap G, Fig. 66, and by plain glass plates. This protection of the 
optical parts is especially important in the tropics, where, owing to some 
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peculiar climatic condition, the lenses often become coated with an opalescent 
fihn that can only be removed by polishing. These plates also prevent 
minute spiders and other insects in the tropics from damaging the instrument. 
The scale is lighted from the lamp, the light being reflected by means of a prism 
and mirrors. The telescope F is focused by a screw-. In the more modem in- 
struments the screws for adjusting the position of the quartz wedges have long 
stems so that the hand of the observer may rest upon the table. A glass cell 
filled with a 3 per cent solution of bichromate of potassium is placed at B and 
serves as a ray filter. ^ This ray filter should always be used, except for dark- 
colored solutions. The heavy trestle support of Fig. 56 is preferable to the 
tripod form of Fig. 55 and is used in most modem polariscopes. 



Fig. 57. — Fric Single Compensating Polariscope. 


200* Half-shadow Polariscope with Glass Scales (Josef-Jan Fric). — The 
instrument shown in Fig. 57 has single-wedge compensation for use with white 
light. The optical parts are enclosed in a metal case for protection from dust. 
The scales and verniers are engraved on glass and are lighted by a part of the 
polarized rays which are reflected upon them. 

Messrs. Fric also make a quartz-wedge polariscope with adjustable sensi- 
bility (Fig. 58), designed for the U. S, Bureau of Standards by Frederick J. 

^ This strength of solution aafniTnefl a cell 3 cm. in length. For other cell lengths, 
the product of the length by the i)ercentage strength of the solution riiould be 9. 

se of a bichromate ray filter makes a difference of 
white instrument. the filter he obtained 

It lOa.m (Oircuiar No. H Bi^au^of , Standards; 


According to Schdnrock the m 
rioh with a 

am, 






Fig. 58. — Bates-Fri5 Polariacope. 
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Bates. This mstrument is double quartz wedge compensating and has a 
Lippich polarizing system. Readings may be accurately made to 0.01 ® sugar. 
The Pric instruments were among the first to be graduated according to the 
specification of the International Commission at 20° C. for use with the normal 
weight of 26 grams with the 100 true cubic centimeter flask at 20° C. All 
makers now conform to these specifications. The optical system of the Bates* 
Flic is shown in Fig. 59 and illustrates the arrangement of the quartz wedges 
in a double-wedge compensating polariscope. 

201. Half-shadow Polariscope (Julius Peters). — ^This instrument, Fig. 60, 


is double-compensating. It is similar in principle to the other compensation 
polariscopes. The optical parts are protected by glass plates from the action 



of the atmosphere. A dust-cap, not shown in the 
figure, protects the optical parts at the front end of 
the instrument. 

The quartz wedges are not mounted in brass as 
is usual, and it is claimed are not exposed to pres- 
sure or strain with the expansion of metal. As is 
well known, the rotation of quartz is changed by 
pressure. 

202. Triple-field Polariscope (Schmidt & 
Haensch). — ^This instrument differs from those 
already described in having two small Nicol prisms 
placed in front of the polarizer, as shown in Fig. 
61. - The field of the instrument is divided into 
three parts, 1, 2, and 3 of the diagram. This figure 
shows the arrangement of the Nicol prisms (I, II, 
II), and a diagram of the field. When the instru- 
ment is set at the neutral point, the field is uni- 
formly shaded; in other positions 1 is shaded and 
2 and 3 are light or vice versa. 


Fig. 61.— Prisms in Triple- This arrangement permits a very high degree of 


Field Polariscope. accuracy in the adjustment of the field, in polari- 


scopic observations, provided that the instrument is 
in perfect adjustment. It has been found, however, that minor differences in 
the two outer sections of the field are apt to develop and that the observer 
compares the central division with one of these sections only, making in effect 
only a double field. The triple-field type for this reason haa not found general 
favor. 


203. Bausdi and Lomb Polariscope. — ^This instrument was designed after 
obtaining the opinions of many prominent sugar chemists as to the require- 
ments for a hi^-class polariscope for industrial use, and it embodies several 
new features for convenience and cleanliness as well as for accuracy. It is 
sin^e-wedge compensating with a scale range from — 30^to 110° andisequipped 
with ^ther the Lippich double prism polarizer or the Jellet single prism type. 
The first system is very sensitive and the dividing line is practically invisible, 
fragile aad^mibject to diaint^rarion, while the Jellet polarizer is less 
felMMiir TB^m easily put out oi adjustment. The letter system (single 
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prism) is advocated for industrial laboratories. The diagram of the optical 
parts with Jellet polarizer is shown in Pig. 62, this jSgure illustrating in consid- 
erable detail the construction of a single-wedge polariscope. The scale is of 
glass, with the vernier and scale lines overlapping, which facilitates exact 
reading and the estimation of fractions of tenths. The scale field and the 
polarized field are illuminated from the same light source and the light to the 
scale passes through a filter similar to that used in the observation field, 
making both fields of the same color and intensity. In place of the bichromate 
cell is a ray filter of glass having the same optical properties, and which may be 
thrown out of the field by a push-rod when dark-colored solutions are read. 

204. The Polaxiscopic Scale. Yentzke Scale. The Hormal Weight — 
Polariscope scales are divided to read either circular degrees or percentages of 
cane-sugar or both. Commercial instruments usually have only the Ventzke 
or cane-sugar scale. 

The Ventzke or cane-sugar scale is so divided that, if a certain weight of the 
material be dissolved in water and the solution diluted to 100 cc. or ml. and 
observed under standard conditions in a 200-mm. tube, the reading will be in 
percentages of cane-sugar, or if pure sucrose be used, the reading will be 100. 
(See reference to Bates-Jackson Seale below.) The weight required under 
%h&ae conditions to give percentage readings is termed the “ normal weight ” 
or the “ factor ” of the instrument. In commercial work, especially in the 
polarization of sugars, the divisions of the cane-sugar scale are usually 
termed “ degrees.'' 

The normal weight for all modem instruments, as adopted by the Inter- 
national Congress of Applied Chemistry, is 26 grams. The fiask used with this 
normal weight must hold 100 true cubic centimeters (milliliters)^ of solution at 
20° C. The solution must be prepared and the observation be made at 20° C. 
to secure the greatest accuracy. 

The relationship between the older normal weight of 26.048 dissolved in 100 
Mohr's cubic centimeters at 17^° C. and the present one of 26 grams in 100 ml. 
(true cubic centimeters) at 20° C. is extremely close. Exact mathematical 
corre^ondence would have been secured if 26.0082 grams® had been chosen 
instead of 26 grams but this difference of less than 1 mg. is quite evidently 
negligible in polariscopic work. 

BaieS’J'ackaon Scale , — ^In 1916 Bates and Jackson * published a report of 
experiments with pure sucrose repeatedly recrystallized from water in vacuo 
showing that the polarization of 26 grams of sucrose in 100 mL of water at 20° 
O. was 99.895 on the Ventzke scale. This new value has been adopted by the 
Bureau of Standards in the standardization of quartz plates and saccharim- 
eters, and because of this. Government polarizations (e.p., for duty purposes) 
are sdways about 0.1° higher than those made on the same sugars in com- 
mercial or industrial laboratories. 

^ The Bureau of Standards has requested that the true cubic centimeter be 
called a milliliter (ml.) and this is followed in this book wherever accurate measure- 
ments are specified. 

* Browne. Handbook of Sugar Analysis (N,X, 1921), 114. 

* B, g, SpiontjfiQ Paper, No, 
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Browne and Zerban * corroborated these figures of Bates and Jackson in 
work done at the Bureau of Chemistry and the New York Sugar Trade Labora- 
tory respectively, finding that 100® point ” on the Ventzke scale is actually 
99.90. They conclude that in working with refined sugars, high-grade sirups, 
and other products of high purity, where there are no plus 

errors due to the volume of lead precipitate and to other causes, it woifid be 
more accurate to employ a normal weight of 26.026 grams than the present 
weight of 26 grams. With products of low purity, however, where the coun- 
terbalancing plus errors may equal or exceed the minus error due to the 
graduation of the scale, the introduction of a corrected normal weight or of 
a correction factor will increase instead of diminish the errors of observa^ 
tion.” 

Until some action is taken by some of the associations governing ofScial 
methods the present normal weight of 26 grams and the Ventzke scale will con- 
tinue to be used in commercial work. 

205. Manipulation of a Polariscope. — Methods of preparing the solutions 
win be described in 209. Having dissolved and clarified the normal weight of 
the material to be polarized, fiU an observation-tube with a portion of the 
solution and place it in the trough of the instrument, and pass the light from a 
suitable lamp through it. 

The observer with his eye at the small lower telescope of the instrument 
will notice that one-half of the disk is shaded more than the other, provided 
the instrument is not set at the neutral point. The vertical line separating 
the half-discs should be 'sharply defined, and if not, the ocular should be 
moved backwards or forwards until a sharp focus is obtained. 

The observer should now turn the milled screw, which moves the quartz- 
wedge compensator, until the field appears uniformly shaded, then read the 
scale as directed in page 206. 

In making the observation the eye should be in the optical axis of the 
instrument, and should not be moved from side to side. 

A little practice will enable the operator to detect very slight differences 
in the depth of the shadow or tint and to attain great accuracy in this manix>- 
ulation. 

The manipulation of the triple-field polariscope is as described above, except 
that the field is in three sections. 

The double compensating polariscopes are provided with two scales, in the 
older instruments, one graduated in black and the other frequently in red. 
The black scale is operated by the black screw and the red by the brass one. 
For ordinary work the red scale is set at zero and the field is equalized with the 
black screw. 

Since the abandonment of ivory scales on account of their length changing 
with certain atmoi^heric conditions, metal or glass scales are usually used, and 
are marked to indicate whether for right or left readings. 

To make an invert reading, i.e., one with a laevorotatory or left-hand sugar, 
the black, or right-hand scale ^ould be set at zero and the other scale used. 
The readings should be recorded with the algebraic sign minus. With the 

* Jour. Ass^n. Off. Agr. Chemists, Vol. XI (1928), No. 1. 
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single-compensating instruments the direct and invert readings are xnade on 
the same scale, the graduations extending both sides of the zero. 

Having equalized the field of the polariscope as already described, the scale 
is to be read. The method of reading the scale is best shown by an example. 
Let the position of the scale and vernier be as shown in Fig. 63. The zero of 
the vernier is between 30 and 31 of the scale; record the lower number and note 
the point at which a line on the vernier corresponds with one on the scale, that 
is, if extended would coincide with the line on the scale, in this case at 7 of the 
vernier. Enter this number in the tenths place and the completed reading is 
30.7. If the zero of the vernier falls directly opposite a line of the scale, the 
reading is a whole number. The divisions to the left of the zero of the vernier 
are only needed in single compensating instruments and are for making invert 
readings. 

If the normal wdght of sucrose, or of a substance containing sucrose and no 
other optically active substance, has been dissolved in water and diluted to a 
volume of 100 nal., and a 200-mm. observation-tube has been used, and the 
observation is made at the temperature at which the instrument was standard- 



Fig, 63. — Diagram of Vernier Scale. 


ized (now generally 20** C.) the reading on the sugar scale is the percentage by 
weight of sucrose in the material. The readings must be corrected for other 
wdghts than the normal, for other volumes than 100 ml., and for other tube 
lengths than 200 mm. 

206. Polariscope Lamps. — ^Compensating half-shadow instruments require 
a strong white light. 

The most efficient polariscope illumination in a factory having twenty-four- 
hour electric service is the nitrogen-filled concentrated-filament Mazda lamp 
of 100 watts capacity. This light is so very intense that a ground-glass plate 
should be interposed in polarizing light-colored solutions. 

It has been found that there is considerable miomentaiy variation in the 
voltage of factory current which may cause appreciable change in the intensity 
of the light and, consequently, ezrors in the polariscope readings. This may 
be obviated by having a rheostat and voltmeter located in the lamp circuit and 
reducing the voltage to a fixed point with the rheostat (e.^., 100 volts for a 
llQ-vcdt current). The voltmeter and rheostat should be located in full view 
of the Qp&&ix)r (the u|^>er, forward part of the polariscope compartment is 
convenient) in order that the voltage may be accurately adjusted for each 
iseading. 

br^^^Stjoiage batteries and autoznobile headlight lamps are practicable where 
lor zachai^ng. Edv^n. storage battei^ js 

io and reqpirea littia att^tiqn^ The ntoage battery giv^ ,a fix^ 
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voltage and a good light, but the ordinary current with adjusted voltage as 
described above is preferable. 

Acetylene lamps provide a strong and convenient source of light, probably 
next to the concentrated-filament lamp in efficiency. The Welsbach lamp, 
burning gas, alcohol or gasolene, give a very good light. 

Messrs. Schmidt & Haensch equip many of their instruments with small 
electric lamps operated from small secondary batteries. The lamp is provided 
with a special socket attached directly to the instrument. This arrangement 
of the lamp is not entirely satisfactory in practical experience. Kerosene 
lamps may be used and should have duplex burners. Electric and acetylene 
lamps and alcohol or gasolene Welsbach lamps are now so easily obtainable 
on plantations that they should be given pr^erence in the order named over 
the kerosene light. 

It is quite essential that the position of the light with respect to the polari- 
scope be fixed. The intensity of the light should be as constant as possible, 
and if changed, the zero reading observation should be verified. 

207. Adjustment of the Polatiscope. — ^The scale of the instrument is the 
only part liable to get out of adjustment. To test this adjustment, place a 
polariscope tube filled with water in the trough of the instrument and make 
an observation. This observation may be made without the tube, but the 
adjustment on the zero is not so readily made as with the water. If the scale 
is properly adjusted the reading should be zero. 

The method of adjusting is the same for all modem compensating polari- 
scopes. A micrometer-screw, generally placed at the right-hand side of the 
dust-cap enclosing the forward optical parts of the instrument and turned by 
means of a key, is arranged to move the vernier a short distance. The field 
is equalized as usual, but with water in the observation-tube, and the vernier 
is moved by the micrometer-screw until the zero lines of the scale and vernier 
coincide with one another. The scale is now moved through several degrees 
by the milled screw and the field is again equalized as before, and if the zero 
lines do not coincide the vernier is to be again adjusted. These manipulations 
are repeated until the zeros coincide in several successive observations. These 
adjustments are very fatiguing to the eye, which should be rested a short time 
before makiog the final observations. 

Certain compensating polariscopes, especially of the older models, are 
exceedingly sensitive to changes in the position or intensity of the source of 
light. It is advisable to follow the maker’s directions as to the position of the 
lamp with regard to the instrument and arrange the latter so that it caimot be 
jarred out of place. The distance of the lamp from the instrument is usually 
15 to 20 cm. The position the lamp should occupy should also be marked, 
that it may be properly replaced if disturbed, and the intensity of the light 
should not be changed after adjusting the instrument imtil the observation 
has been made. A change in the position or intensity of the li^t, with certain 
instruments, will sometimes cause an error of 0.5^ or more. (See also p. 206.) 

It is advisable to have quartz control-plates for checking the adjustment 
of the instrument and the correctness of the scale. Standardized plates of the 
highest accuracy may be obtained from the makers of polariscopes, and in use 
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take the place of the observation-tube and a standard solution of pure sucrose. 
One plate should read approximately 96 and a second about 60^ as these parts 
of the scale are used in the most important polarizations. 

It is well to have the quartz plates standardized by the Bureau of Standards 
but it should be noted that the Bureau uses the Bates-Jackson scale (204) 
which is about 0.10*’ higher than the Ventzke scale; f.e., a plate marked 98.50° 
on the Ventzke scale will be certified as close to 98.60° by the Bureau of 
Standards. 

The scale may be tested with a control-tube made by Schmidt & Haensch 
and shown in Fig. 64. The funnel T of the control-tube is filled with a sugar 

solution, which flows 
into the tube as it is 
lengthened by turn- 
ing the milled screw. 
The tube length is 
read on the scale iV. 
A full description of 
the use and value of 
this instrument is 
given by Browne 
(Journal Industrial 
Engineering Chemis- 
try, Vol. 12 (1920), 
No. 8). 

The committee of the Fourth International Congress of Applied Chemistry 
also recommends the use of pure cane sugar for testing the polariscope. The 
preparation of pure sucrose is too exacting a process for the average laborar* 
tory. (See Bates and Jackson, Bur. Standards Paper No. 268.) 

The analyze and polarizer should not be removed from the instrument or 
adjusted except by an experienced workman, and in the event of an accident 
to the polariscope it should be returned to the dealer for repairs. 

All parts of the polariscope should be kept very clean, especially the 
e3q)osed parts of the lenses; these should be occasionally cleansed with alcohol 
and wiped with old linen. 

208. Observation Tubes. — The usual tubes of glass , are shown in Fig. 65. 
The upper tube has screw-cax)s and the lower the Landolt slip-cap. The slip- 
cap is designed to prevent undue pressure upon the cover-glass. The tubes of 
the French Laurent instrument are supplied with slip-caps that have bayonet- 
catehes. A coiled i^ring is arranged inside the cap to bear upon the cover- 
glass and hold it in position, without unnecessary pressure. 

Metal observation tubes of the Bates type, Fig. 67, are now used in many 
laboratories for all work except acid-inversion solutions, for which water- 
jacketed ^ass tubes, Figs. 71, 72, 78, aze^ generally needed. 

Tubes of the type shown in the illustratioii, Fig. 65, must» be owpletely 
the sohitioit' to be pohtrized. . Tha.OQverrgl^ should be slipped 
the tid^ pwsitmg 0 ^^ »Th& glass body the 

in towAediwIdb the^handsi shmthe wamth-wpE cause 



Fia. 64. — Control Tube. 
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striations to form in the liquid. These prevent an immediate observation. 
In the event of striations, the tube should 
be left in the trough of the polariscope until 
the held clears. 

Observation Tvbe with Enlarged End , — 

This tube is shown in Fig. 66. In using this 
tube, it is nearly filled with the solution to be 
polarized, leaving room for a small bubble of 
air, which rises to upper part of the enlarge- 
ment. This airangement obviates the neoes- 66.— Observation Tubes, 

sity of excluding air-bubbles, and facilitates 
filling the tube. 

Bates^ Observation Tube,^ — “ In order to overcome the prevalent defects 
in the theoretical design, as well as secure a tube suitable for severe usage, 
this Bureau (U. S. Bureau of Standards) has brought out the Bates type of 




Fig. 66. — ^Polariscope Tube with Enlarged End. 


tube shown in Fig. 67. It will be observed that the weight is carried upon two 
shoulders, which are integral parts of the tube and not upon the caps, thereby 
eliminating all danger from turning while in the trough of the instrument. 
The bore is 9 mm., permitting the utilization of the full aperture of the polar- 



Fig. 67. — Bates Metal Tube. 


izing system. This also reduces to a minimum the light depolarized by reflec- 
tion from the walls of the tube. The field of the instrument thus appears for 
the first time*as a bright, sharply defined circle with no overlying haziness, 
and the reading can be made with increased accuracy. Both ends are enlarged 

with all the attendant advantages, yet but 
one size of cover-glass and washer is re- 
quired. The walls are unusually heavy, 
eliminating all danger from bending.’’ 

Observation Tvbe with Side Tubule , — 
The tube shown in Fig. 68 is very conveni- 
ent in general sugar-analysis. The cover 
This arrangement reduces the ri^ of error 
The tubes should be frequently cleaned 


« r|wpi| 


^ - 


Fig. 


68. — ^Polariscope Tube with 
Side Tubule. 


glasses need rarely be removed, 
by compression of the cover glasses, 
with diluted acetic acid. 

? Copied from Circular No. 44, ^‘Polarimetry,” U. B. Bureau of Staadarda. p. 39, 
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PeHe^B Contmuons Tvbe . — ^This tube* Fig. 69, is designed for very rapid 
polarization and is especially adapted to the use of laboratories for beet-seed 
selection and the purchase of raw material on a basis of its sucrose content. 
The Pdllet tube is also convenient in the control of the char-filters in sugar 
refineries. 

The Pellet tube provides for the rapid change of solutions vrithout removing 
it from the trough of the polariscope. The tube is so arranged that it may 

form a part of a sy- 
phon by connecting rubber 
tubing to the tubules. 
The short leg of the sy- 
phon terminates in a glass 
Pio. 69- — ^Pdllet’s Continuous Tube. tube which is dipped into 

the new solution and a 

pinch-cock on the long leg is then opened. The incoming Hquid displaces 
the previous solution. This arrangement should be used only with 
solutions of approximately the same polarization and not when scientific 
accuracy is dedred. The funnel arrangement illustrated in Fig. 70 should be 
used when accuracy is necessary, and in its use liberal quantities of the solution 
should be used to wadi the funnel. 

The Pellet tube should be washed with distilled water before a period of 
idleness and should be left filled vrith water. 

A modification of this tube by Spencer is shown in Fig. 70 and differs from 
Pellet’s design only in having four grooves to distribute the solution instead of 
one. The fuxmel directs 
the solution into an an- 
nular canal, which con- 
nects by separate open- 
ings with each of the 
four grooves shown at 
the end of the tube. 

The solution is deliv- 
ered against the inner Fio. 70. — ^Pellet’s Tube (Spencer Modification), 
surface of thecover-glass, 

and by a similar set of grooves and canal at the opposite end of the tube the 
displaced solution flows through a bent tube to the waste-jar. The observa- 
tion cannot be made until the previous solution is entirely displaced. So 
long as any of the old solution remains the field vriU not be clear. 

The P^et tube is possibly accurate enough for raw sugar polarizations, if 
used with caution, but it is not recommended. The best practice for such 
accurate work is to have as many individual tubes as there are sugars to be 
pc^arized in each batch of tests, then fill each tube placing it in a rack. The 
rack of filled tubes is then placed in the polariscope compartment and allowed 
tO' stand se that temperature equalization is assured after which they are 
and record 

^ Jfwemon Tvbei WiUy^s Modification . — ^This tube, Fig. 71, is 

of the temperature of the solution under observation, 
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especially in the Clerget double-polarization method. The glass observation 
tube is enclosed in a melal jacket through 'which water is circula'ted while 
polarizing. A side tubule, enlarged to funnel shape, is provided for use in 
filling the tube and in taking the temperature of the solution. A centigrade 
thermometer graduated to fifths of a degree should be used. 



PiQ. 71. — Laudolt’s Inversion Tube* 


Wiley devised the desiccator-caps shown in Fig. 72 to prevent the con- 
densation of moisture upon the cover-glasses at temperatures below the dew- 
point of the air. These caps are of hard rubber and have a central tube sur- 
roimded by fused calcium chloride to dry the air within the cap. A recent 
form of inversion tube (Fig 73) has baffle plates to insure proper circulation of 



Fig. 72. — ^Landolt Tube with Wiley's Desiccator Caps. 


cooling water; the thermometer is offset to avoid interference with the light to 
the polariscope scale; the stopper is of ground glass 'with the thermometer 
cemented into it, the capillary h allowing for expansion of the liquid. 

209. Preparation of Solutions. — ^A solution of a definite concentration, suf- 
ficiently free of color and clear to transmit light, must be prepared. While 



solutions of various concentrations may be used, it is advisable to simplify 
the calculations by using a multiple or convenient fraction of the normal weight 
dissolved in 100 iffl. of solution or a multiple of this volume numb^. 

Dissolve the normal weight (26 grams) of the material contained in a 100- 
ml. flai^, in water and add sufficient subac^tatq of 1^ sqlution^ or of the nor- 
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mal acetate, according to the material to be tested, to precipitate all of the 
matter preeipitable by the reagent. Complete the volume of the solution to 
the 100 ml. mark of the flask. Mix the contents of the flask thoroughly and 
pour upon paper for filtration. The entire contents of the flask should be 
poured upon the paper at once. Reject the first portions of the filtrate or aU 
of it imtil a perfectly clear solution is obtained. These portions should be 
used in rinsing the receiving-vessel. The first portions of the filtrate contain 
the moisture displaced from the filter-paper if the paper is not perfectly dry. 
With dry filter paper (which should be used for all accurate work) there is an 
adsorption of moisture ’ and not less than 25 ml. of the filtrate should be dis- 
carded when polarizing raw sugars to avoid the effect of this adsorption. 
If the filtration is slow or the analysis is to be especially accurate, and always 
in the analysis of sugar, the funnel should be covered during filtration to pre- 
vent evaporation. No portion of the filtrate should be poured back through 
the filter in careful work. 

The above description covers the preparation of solutions in a general way. 
Detailed descriptions will be given in connection with the analysis of the various 
materials, especially as regards the use of the clarifying agents. The quantity 
of subacetate of lead to be used in clarifying solutions can be given only approx- 
imately on account of the variations in the materials themselves and in the 
illumination of the polariscope. In general the minimum quantity of the lead- 
salt that wfll yield a clear and sufficiently light-colored solution should be used. 
Excessive use of lead introduces important errors into the analysis. The 
following numbers refer to cubic centimeters of the lead solution of 54.3° Brix 
per one normal weight of the material: Raw juice, 0.75 to 2.0 cc.; sirup, 7 to 
10 cc.; molasses of 20° Brix (vacuinn-pan control), 5 to 10 cc.; first molasses 
7 to 10 cc.; final molasses, 25 to 30 cc.; 96° raw sugar, 2 to 4 cc.; 98° raw 
sugar, 1 to 2 cc.; 80 to 89° second sugar, 5 to 7 cc.; filter press-cake, 6 cc. 

Home’s dry subacetate of lead may very often replace the solution of the 
salt with advantage. {See page 225.) About one-third of a gram of the dry 
salt is equivalent to 1 cc. of the 54.3 Brix. 

Sections 217-219, relative to the influence of the lead-salt upon the sugars 
and the volume of the precipitates, should be consulted. 

Alumina-cream should be used in addition to the subacetate of lead in 
clarifying the solution in testing a sugar. The alumina-cream alone is usually 
sufficient in the analysis of high-grade sugars. 

It is usually advisable to add a little of the lead reagent to the sugar solu- 
tion, mix thoroughly, await the subsidence of the precipitate and then test the 
supernatant liquid with a drop of the reagent to ascertain whether more lead is 
required. As experienced operator can readily judge by the appearance of the 
precipitate whether the lead has been used in sufficient quantity. The 
reagent should be measured in routine work and in so far as is possible the same 
quantity should always be used with similar materials. 

210 . Weighing Dishes. — The materials in sugar analysis are most conven- 
iently weighed in a nickel or German-silver capsule, made especially for this 
purpose (shown on scale-pan, BO), The solutions do not adhere to the 

^ H^ardin and Zerban. The Pieter/ 78 (1924)/ No. 20, 
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polished surfaces of the capsule and the shape of .this is such that the material 
may be very readily washed into the flask. The capsules lose weight gradu- 
ally through use. The counterpoise should not be filed to correct for this loss, 
but the stem or plug should be unscrewed and suflEcient lead be removed from 
the cavity to compensate. 

If the sugar-flask has a narrow neck, as is prescribed in careful work, it 
requires skill to wash sugar or other material into it. This operation is facil- 
itated by inserting the stem of a small German-silver funnel, made for the pur- 
pose, into the neck of the flask. This should reach to just below the neck, 
thus keeping the sugar from contact with the latter. The solution adhering 
to the capsule and fuimel should be washed into the flask with a jet of water. 
SufScient room must be left in the flask— about 20 ml.— to permit giving the 
liquid a rotary motion, for dissolving the material. 



Fig. 74. — Multer Sugar Dissolver. 


211. Dissolving the Material. — ^The flask should be held by its neck to 
prevent the hand from warming the solution. From time to time it should 
be examined from below to note whether undissolved material remains. Many 
mechanical devices for dissolving sugars are in use, the one designed by Multer, 
Fig. 74, being a convenient form. It consists of a motor-driven inclined holder, 
for a single flask, which rotates slowly, allowing the sugar grains to faU through 
the solution as the flask turns. In practice it has be«i found that the device 
dissolves the normal weight of raw sugar in about the time that an operator 
takes to weigh out the succeeding sample and wash it into the flask, so one 
dissolver is ample for the needs of one anal 3 rst. 

212. Ml-yitigr and FUterihg. — ^After solution of the material and its cUtriflcar 
tibn mth lead subacetate as has been described, the volume should be com- 
ibleted to the mark with water. Should drops of water adhere to the neck of 
the they should be absorbed with strips of filter-paper. A drop of ether 
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or fusel oil may be poured on the surface of the liquid if foam is present when 
the solution is close to the mark. In filling to the mark the flask should be 
held on a level with the eye and the water added drop by drop until the lowest 
line of the meniscus appears to touch the line on the flask. The water used in 
preparing the solutions should be either distilled or other water free of optically 
active substances. 

The contents of the flask should be thoroughly mixed by shaking and be 
poured immediately upon the filter. The filter should be of paper suitable for 
rapid filtrations, and should be fluted or “ star ” folded or a ribbed funnel 
idiould be used. The funnel and paper should be large enough, especially in 
analyzing sugars, to receive the entire contents of the flask. The filter-paper 
shoTild never be so large as to project above the edges of the funnel. The 
first few cubic centimeters of the filtrate should be used in rinsiag the filtering 
cylinder and should then be rejected. It is always necessary in analyzing 
sugars and other materials requiring considerable accuracy to reject portions 



of the fihrate until it runs clear. If the filtrate does not clear, it is best to pre- 
pare a new solution, changing the quantity of subacetate of lead. The 
polarization should never be attempted except, with perfectly clear solutions. 

It may sometimes be difficult to obtain clear solutions with the juice and 
products of unsound cane. The addition of a little common salt or sodium 
pho^hate followed by refiltration wiU often remedy this, or both the salt and 
kieselguhr may be used. Occasionally the difficulty may be due to insuf- 
ficient subacetate. If so, a little of Home’s dry subacetate should be added. 

FiUering Devices . — ^A convenient filtering arrangement is illustrated in 
fig. 75. A is a stemless funnel, B a quart^-pint precipitating-jar, and C a 
snail cylinder. A plain cylinder is preferred by many chemists to the lip- 
cylinder, as the funnel makes a clos^ joint with the edge. E is a tumbler ” 
beaker of heavy glass which is particularly easy to wash and dry because of its 
open form. j> is a copper funnel, fluted, which is convenient and avoids 
brei^age. 

Btesnkss funnels, 4 inches in diameter, made of good tin-plate or of thin 
C(^)per, planishefd^ are more oonvenlient, except fcsr invert solutions, than glass. 

The adwBulage of the m^al stoidese fipnekt and hea^ glass precipitath^- 
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jars, cylinders or tumblers is the ease with which they may be washed and 
dried. The glass vessel serves as a convenient support for the funnels. 

213. Sugar-flasks. — ^The flasks used in sugar-work are usually graduated 
to hold 60 ml., 100 ml., or multiples of 100 ml. They are also graduated with 
two marks, viz., 60-n65inl., 100-110 ml., etc., and are then called “ sugar-flasks ” 
by the dealers. 

Orders to dealers for flasks and other precision ware should be very specific 
in stating the system of graduation, whether to Mohr’s cubic centimeters or 
units, or metric cubic centimeters (milliliters, ml.). It is important that all 
such ware in the laboratory be of the same system of graduation. Mohr’s 
units, used with the old normal weight of 26.048 grams have been largely 
superseded by the metric or true cubic centimeters at 20® C. (ml.) with the 
normal weight of 26 grams, adopted by the International Commission for 
Uniform Methods. It is to be hoped that the older standard will entirely dis- 
appear from use. 

Flasks should be made from glass tubing of uniform bore and circular 
cross-section. The shape of the body of the flask should approximate that of 
the diagrams in Fig. 76. A flask of this form gives little trouble from air- 
bubbles. 

Flasks for commercial work often have necks of larger internal diameter 
than those used in the U. S. Customs laboratories or in research work. This is 
imnecessary and the diameters specified below should be adhered to. The 
following Tnfl.TiTTmTn internal diameters of the neck and limits of tolerance of 
error in the capacity of are specified by the U. S. Bureau of Standards: 


Capacity of the 
Flask, cc. (or ml.) 

Internal Diameter of 
the Neck, mm. 

Tolerance of 

Error, cc. (or ml.) 

60 

10 

0.05 

100 

12 

0.08 

200 

13 

0.10 

250 

15 

0.12 

500 

18 

0.15 

1000 

20 

0.30 


This limit of tolerance is too large for flasks of such small neck diameter. 
Of several hundred flasks purchased of a prominent dealer for the laboratories 
under the direction of Dr. Spencer and bearing the maker’s certificate of cali- 
bration, all were well within the tolerance limits given in the table. A maxi- 
mum error of .04 ml. should be the requirement for a 100-ml. fla^ to be used 
in accurate polarization work. (See further under “ Calibration of Sugar 
Flasks.”) 

S*he 100 ml. specified for use in the U. S. Custom House laboratories 
are like S of Fig. 76. These have a height of 130 mm. The neck is 70 mm. 
in and its internal diameter must be not less than 11,5 mm. and not 
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more than 12.5 mm. The graduation marks shall be not less than 30 mm. 
from the upper end and 15 mm. from the lower end of the neck. 

The £ai^ shown in Fig. 76 all conform in shape of the body with the U. S. 
Customs r^ulations. They should be distinctly marked with their capacity 



Fig. 76. — Types of Sugar Flasks. 


and the system of graduation, Contains 100 cc., 17.5/17.5° C.” for the 
Mohr fiaii and Contains 100 ml. 20® C.” for the metric or true cubic-centi- 
meter flasks. The graduation mark should completely encircle the neck of the 

Pellet’s conical flasks, Fig. 77, are of strong glass and have a rubber cover 
to slip over the bottom and a ring for the neck to reduce breakage. Their form 
gives them great stability and facilitates the 
escape of air-bubbles. 

Referring to fig. 76, the flasks A and B of 
various capacities fill most of the requirements of 
the sugar-house laboratory. The Stift (C) and 
Eohlrausch (P) flasks are used in the analysis of 
filter press-cake. The flask C if narrow at the 
graduation may be used in all classes of work. 

The flasks ^ould be frequently and thoroughly 
cleaned. C. A. Browne ^ recommends cleaning 
with a warm solution of sodium hydroxide and 
Rochelle salts, such as is used in preparing Fehl- 
mg’s solution. This removes the film of lead 
carbonate that deposits upon the walls of the 
flask. Strong commercial muriatic acid is usually 
Feg. 77. — Gozdeal used fcsr thi^ leaning in sugar-house labora- 
tories. Treatment with nitric acid, followed 
by washing and then a strong solution of 
cbimnie arid in ccmceitrated suljdiuric arid, is good preparation of flasks ior 
calil^sataon. It is advisable to use the rirrcttnic arid sdution frequently in 
^ ^^£Eaxb^book of ^Ugar p. irti 
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deansing fladss. After this treatment the drops of water will drain from the 
neck of the flask properly instead of adhering to it. 

Ccdibraiion of Sugar-flasks. — ^No should be used in important work 

without having first verified its marked capacity. There is much confusion 
on the part of manufacturers between the true and Mohr’s cubic centimeter, 
flasks of the one system being sometimes marked as having been graduated 
to the other. 

Cleanse the flask as has been described above and thoroughly dry it in an 
oven. On cooling the flask note whether moisture has condensed upon the 
inside walls and if so return the flask' to the oven. 

The weighing should be by substitution to eliminate errors of the balance 
itself. Cool the flask to room temperature in the balance case, but do not wipe 
it again, and then accurately counterpoise it, placing it upon the left-hand 
balance-pan. Pieces of metal or weights may be used in coimterpoising. 
Remove the flask from the balance and counterpoise the weight on the right- 
hand pan with accurate weights substituted for the flask. This gives the 
weight of the flask to the limits of accuracy of the analytical weights. Ffll the 
flask to the mark with recently boiled distilled water of room temperature. A 
large pipette should be used in running the water into the flask to avoid so far 
as is possible wetting the neck. Remove water that may adhere to the neck 
of the flask, with a roll of filter paper. Verify the filling of the fladc by hold- 
ing it by the upper part of the neck with the graduation at the levd of the eye. 
If the lower part of the curve of the meniscus is not in line with the gradua- 
tion mark, add or remove water by means of a small pipette and bring it 
into line. 

Place the filled flask upon the balance-pan as before and counterpoise it 
with pieces of metal or weights. Remove the flask and note the temperature 
of the water with an accurate thermometer. Counterpoise the metal with the 
analytical weights and record this weight as that of the flask and water. 
Deducting the weight of the flask gives the correct weight of the water whether 
the balance is in proper adjustment or not. 

Reference is now had to the tables, pages 433 and 431, showing the weight 
of 100 cc. (according to Mohr or to the true cubic centimeter table) at various 
temperatures. For example: Our flask contains 99.958 grams of water at 20° 
C. Reference to the table shows this to be the apparent weight of 100 Mohr’s 
cubic centimeter at 20° C., hence the flask is correctly graduated to this system. 
Sinodlarly using the same flask and we^ht of water and the table of corrections 
for true cubic centimeters at 20° C. The correction at 20° C. is 4-0.282, 
which added to 99.958 gives 100.240 cc. as the true capacity of the flask. For 
comparison only, subtracting .006, the cubical expansion of the Mohr’s fl a sk 
from 17.5° to 20°, we have 100.240 — .006 « 100.234 cc. These numbers 
show the actual rdation between flarigs graduated to true and Mohr cubic 
centimeter, viz., 100 : 100.234. 

214. Spencer Flask Calibrating Device. — ^This instrument was derigned 
by Dr. Spencer to permit of accurate graduation of flasks at the Central 
Control Laboratory of the Cuban-Ameriean Sugar Company at Cardenas, 
Odba. I^rimarily, it is a method of recording by dtectrical contact the exact 
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surface of the water in a flaak and at the same time marking this surface-level 
accuratdy on the outside of the flask. The drawing, Pig. 78, shows the con- 
struction of the device and a description of the method of calibrating a flask 
wiU make the operation plain. Plasks of the right form and size required to 
hold the desired volume are purchased in ** blank ” with no graduation mark. 
In addition to the calibrating device a series of Morse Calibrating Burettes 
(shown at A, Pig. 78) covering the volumes of flasks to be marked are required. 

These burettes should 
be standardized by the 
Bureau of Standards 
at Washington. 

The first step is to 
adjust the graver- 
point, Pi and the plati- 
num electrodes, so 
that they are exactly 
opposite each other. 
This is done, with no 
flask in the instru- 
ment, by loosening the 
bck-nut L and raising 
or lowering the elec- 
trode-carrier C at the 
same time that the nut 
N holding graver G is 
loosened. The graver 
is pushed forward until 
it just touches the 
higher of the two points 
of the electrodes. The 
adjustment need be 
made only once for a 
series of flasks. The 
Pig. 78.— Calibratuig Device (Spencer). lock-nut, L, is tight- 

ened, and the graver 

is drawn back, after which the flaifls-holder H is lowered as far as it will go 
' by turning the milled head, Af, and the flask is put in place for centering 
only. By means of the screws X and Y the adjustment of the flask is made 
so that the electrode holder will be approximately in the middle of the neck 
of the flask wh^ the flask is raised. 

The flafik is now rsnoved from the holder without disturbing this adjust- 
ment and the outside of the neck is coated with a film of molten beeswax and 
rpsin which is allowed to cooL The flask, which has been dried previously, is 
now ready to be filled. Prom the proper Morse burette the ^KObct volume of 
acidulated water (HsS 04 — 1 .: lOQQ) is run into the fiask, which is.promptly 
iflaoed in the fiask holder the ^calibrating device md raised with the nulled 
head untO the electrode points ai^roach the: surface of the . water. The 




219 


BALANCES, WASH-BOTTLES, ETC. 

current is now turned on, the head phones are adjusted to the ears, and the 
flask is raised very cautiously by means of the milled head until contact is 
made by the platinum points touching the surface of the water. This is appar- 
ent by the hiss in the earphones. It is now evident that the surface of the 
liquid in the fla^ is exactly on a level with, the graver-point on the outside. 
The graver is moved forward until the point penetrates the wax. (There is a 
spring behind the point which permits of definite contact with the glftsw 
takes up any minor inequalities in the shape of the neck.) The whole mfl-rlring 
sweep, S, is then swung completely around the fla sir on the bearing, B, so that 
the wax is cut away by the sharp point in a complete circle exactly at the 
liquid levd. By means of ** Diamond Ink or sbme flimflar hydrofluoric acid 
preparation the flask is etched at this circle in the wax, after the floialr imja 
been removed from the instrument. 

It is obvious that the work must be done in a place free from drafts atifl 
vibration. Between the time that the flask is filled and the mark made on the 
wax care should be taken to prevent any dhange in temperature. 

Elasks marked in thiS' manner and rechecked by the weighing method 
given in the previous Section were found te be extremely accurate; over 93 
per cent of the flasks so checked showed an error of less than .025 ml., while 
not one had an error amounting to .05 ml. The Bureau of Standards 
adopted the Spencer device with certain modifications to suit its 
purposes. 

216. Balances. Wash-bottles. Stock-bottles. Heating Devices.-— Bal- 
ances. — Convenient types of balances for sugar work are shown in Figs. 79, 80, 
81 and 82. In addition a good analyUcal 
balance and a set of high-grade weights are 
required. The analytical balance is used 
in ash determinations, glucose tests, cali- 
bration of sugar flaslca and in the many 
special investigations. A sugar balance 
of good accuracy and a capacity of about 
300 grams is needed in weighing samples 
for polarizations. For use in tropical 
and subtropical countries this balance 
should be fitted with agate bearing and 
knife edges. The balance shown in Fig. 

79 is suitable. 

The Bates balance, Fig. 80, especially designed for polarization work, has 
several convenient features. The customary bow has been replaced by a single 
bow at the back, giving* free access to the pans and reducing spilling of sugar 
to a minimum. The “ scoop ” or weighing-dish balances either of the pans 
and is interchangeable with them, thereby avoiding the use of a counter- 
poise weight. Two sets of sugar weights, normal and half normal, should 
be provided. One set of these weights should be kept in reserve for verifying 
and checking the weight of the others. The balances should at least be sensi- 
tive to 2 mg. with a full load in the pans, though weights of sugar materials 
for polarizatioh, to mthin 2 mg. are usually sufficiently accurate. The errors 



Fig. 79. — Sugar Balance. 
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that may be introduced through evaporation or absorption of moisture in 
slow weighing are of more importance than weights to within 2 mg. 



Fig. 80. — ^Bates Sugar Balance. 


The buHkxn tyj)e of balance shown in Fig. 81 is very convenient for the so- 
called rough weaghings in which large capacity and speed of manipulation are 
essentials. This balance should be placed in a glass-framed hood to protect 
it from dust and currents of air. This instrument is made in several capac- 
ities. That of 5 kg., sensitive to 100 
mg., is a suitable size. It should 
have agate bearings and knife edges 
for tropical work. This scale is 
suitable for use in bagasse analysis 
and in determining the degree Brix 
of massecuites and molasses. An 
ordmary “ trip ” balance is also use- 
ful in this type of work (Fig. 82). 

Wash-hot^. Stoch^ottles . — ^The 
water and the lead solution for use 
in sugar analysis should be kept in 
large bottles on a sh^ above the 
work-table. • The water-bottle should 
have a glass s 3 ^hon-tube with rub- 
ber connectioni^ a pinch-cock and 
Fro. 81- — Balance for Bough 'W fsgh i n g B . glass-nozzle, forming a convenient 

arrangement, for washing samples 
into the sugar-flask and for diluting the sohitions to the, graduations 
on the necks of the flasks. This is a^yeiy satisfacto^ fo^ of y^ash-bottle, 
and several of these shp«fld be di^fiji^U^ ,al^u^^ the{)aj^d]^t[^, A double 
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Pig. 82. — ^Trip Balance. 


ziozzle connectioiii one having a tip of large size and the other a g1«iw 
tip is an added convenience, the jSrst to permit of rapid filling and the second 
of fine adjustments to the mark of flasks, etc. The lead subacetate bottle should 
be connected with a reservoir burette. The burette haa a three-way cock, one 
opening connecting with the stock-bottle by means of a gla-*” syphon anH a 
rubber tube. The air-inlet to the subacetate-of-lead bottle should be pro- 
vided with a small wash-bottle containing caustic soda solution, to absorb the 
carbonic acid and prevent precipitation of the lead. This is not strictly neces- 
sary, since a small precipitation is not objectionable, but where very large stock- 
bottles are used the air- 
washing arrangement should 
be employed. 

Where lead subacetate 
solution is used in storing 
samples of juice a stock- 
bottle containing the con- 
centrated solution should 
also be provided. 

Heating Demces. — The 
electric hot-plate is the most 
convenient heating device for laboratories having a twenty-four-hour electric 
service. Where the generators are only operated at night the hot-plates must 
be supplemented by stoves. Various t3rpes of alcohol and gasoline stoves are 
on the market that are satisfactory for heating in inversions, extractions, etc. 

216. Notes on Polaiiscopic Manipulations. — ^The screw-caps of the obser- 
vation-tubes should not bear heavily upon the cover-glasses, since glass is 
double-refracting under these conditions and does not quickly recover its nor- 
mal condition. A large error may be introduced through excessive pressure on 
the glasses. The cover-glasses should be of the best quality of glass, perfectly 
clean and with parallel sides. A glass may be tested with regard to the p^al- 
lelism of its surfaces by holding it in front of a window and looking through it 
at a window-bar; on revolving the glass slowly between the thumb and a finger, 
if the bar appears to move the surfaces are not parallel and the glass should be 
rejected. Old glasses which have become slightly scratched should not be 
used. Glasses and observation-tubes should be frequently washed with 
acetic acid. 

The planes of the ends of the observation-tubes should be perpendicular to 
the axis of the tube. This may be tested by placing a tube filled with a sugar 
solution in the trough of the polariscope and making an observation; on 
revolving the tube in the trough, and making observations at different posi- 
tions, should the readings vary, the ends of the tube have not been properly 
ground. 

The manufacturers of polariscopes and their accessories have attained such 
accuracy in their methods that faulty apparatus rardy leaves their workshops, 
z^verthdess the scales and accessories should be checked to verify gradua- 
tions and tube length. 

The polariscope should be used in a wdl-ventilated room. It should be 
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disturbing influence, should increase the polarization more than is due to the 
sugar, since the volume of the solution is decreased. 

Letting x — the weight of molasses, and y = the polariscopic reading, the 

y 

ratio — should increase with the concentration, if there is an error, due to the 

X 

volume of the precipitate, not compensated by other influences. Sachs used 
quantities of beet-molasses ranging from 5 to 35 grams in 100 cc. and substi- 
tuting the values of x and y in the ratio and reducing he obtained the following 


figures: 

1st Series 1.906 1.900 1.900 1.906 1.896 

2d Series 2.14 2.13 2.14 2.14 


The practically constant value of the ratio shows that minus errors have fully 
compensated for that due to the volume of the precipitate. 

In a similar experiment with beet-juices Sachs obtained the following 


numbers: 

1st Series 0.5446 0.5474 0.5480 0.5497 

2d Series 0.6800 0.5830 0.6842 0.6860 


The increase in the ratio with juices shows that there is an error due to the 
volume of the precipitate and there is not sufficient compensating error to 
correct it. 


Experiments by Spencer in Cuba with cane-molasses gave results similar 
to those of Sachs, and several series of unpublished analyses of cane-juices made 
by L. R. Cook, at his instance, gave the following results: 


Juice and Lead. 

25 Gr.: 1 cc. 

50 Gr.:2 cc. 

75 Gr.: 3 cc. 

100 Gr. : 4 cc. 

1st Series 

0.628 


mBM 

0.633 

2d Series 

0.628 


B 

0.634 


Series No. 2 is a duplicate of No. 1. The polarization of the juice using the 
normal weight in 100 cc. was 16.36, and that using four times the normal weight 
in 100 cc. and dividing the polariscope reading by 4 was 16.49, showing an 
uncompensated error of 0.13 per cent of sucrose. The uncompensated error 
in the 2d Series, using the same juice, was 0.15. 

In two other series of experiments by Cook, in the flrst of which the polariza- 
tion was immediate and in the second after forty hours, the results were as 
follows: 


Juice and 
Lead. . . 

20 Gr.: 1 cc. 

40 Gr.: 2 cc. 

60Gr.:3 cc. 

80Gr.:4cc. 

100Gr.:6ce. 

1st Series. 
2d Series. 

0.690 

0.687 

0.691 

0.690 

0.690(?) 

0.692 

n 

0.696 

0.694 
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As in the case of Sachs’s ejcperiments -with beets, this work of Cook shows 
that there is a very perceptible error in the analysis of cane-juices due to the 
volume of the precipitate. 

Sachs used the following method of determining the volume of the pre- 
cipitate: Clarify 100 cc. of juice with subacetate of lead as usual, using a tall 
cylinder instead of a £iai^. Wash the precipitate by decantation, first with 
cold water and finally with hot water, until all of the sucrose is removed. 
Transfer the precipitate to a 100-cc. flask and add one-half the normal weight 
of cane-sugar, dissolve the sugar, and dilute the solution to 100 cc., mix, filter, 
and polarize, using a 400-nun. observation-tube. The results are calculated 
as follows: 

Let P = per cent of sucrose in the sugar; 

P' as the polarization of the solution, made up in the presence of the 
precipitate; 

z ~ the volume of the lead precipitate. 

Then 


X 


loop' - loop 

P' 


Example: Let P « 09.9; 


Then 


P' =* 100.77. 


(100 X 100.77) - (100 X 99.9) 
100.77 


0.86 cc. 


The following is the method of Scheibler^s fQj. correcting for the error due 
to the volume of the precipitate, and usually termed “ Scheibler’s double- 
dilution method ” : To 100 cc. of the juice add the requisite quantity of sub- 
acetate of lead for the clarification, complete the volume to 110 cc. and 
polarize as usual; to a second portion of 100 cc. of juice add lead as before, 
complete the volume to 220 cc., and polarize. 

Calculation: Multiply the second polariscope reading by 2, subtract the 
product from the first reading, multiply the remainder by 2.2 and deduct this 
product from the first reading. The remainder is the required reading for the 
calculation of the per cent sucrose: 


Example 

D^ree Biix of the juices 18.0 

Krst pokuiscope reading (110 cc.) 57.6 

Sound polariscope reading (220 cc.) 28.7 

“ Loe, cU. 
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2 X 28.7 « 57.4; 67.6 - 57.4 = 0.2; 2.2 X 0.2 = 0.44; 57.6 - 0.44 « 67.16 
= coirected polariscope reading. By Schmitz table, page 481 we have: 

15.18 

.03 

.02 


16.23 = required per cent. 

The calculations as given here are modified for application to juices. 

In applying this method to other sugar-house products, using the normal 
weight, calculate as follows: First volume 100 cc.; second volume 200 cc.; 
multiply the second polariscope reading by 2 and subtract the product from 
the first reading; multiply the remainder by 2 and subtract the product from 
the first reading. This last remainder is the per cent of sucrose. 

It is evident that this method demands extreme care in making the tests, 
since an error is multiplied. 

218. Home’s “Dry Lead” Method. — W. D. Horne “ recommended the 
use of dry subacetate of lead to eliminate the volume of precipitate error. 
The finely powdered lead salt is added to the solution after dilution to volurne. 
Thorough mixing and filtration follow. If the lead salt has been added in 
just sufficient quantity for the clarification, there is no dilution of the solution 
and no precipitate error. All the precautions necessary in the use of the lead 
in solution as regards precipitation of reducing sugar, influence upon specific 
rotation, etc., must be observed with the dry-salt. 

This dry-lead ” method has never been adopted for raw sugar polariza- 
tions either by commercial or factory laboratories or by the Government, 
although it is authorized by the Official Methods of the Association of Official 
Agricultural Chemists as an alternative of the usual method with sub-acetate 
of lead solution. It has proved of great value in sugar analysis, however, and 
is almost universally used in routine “ purity ” determinations and other con- 
trol tests in beet-houses, cane-factories and refineries. Bapidity and accuracy 
are gained by its use in these tests since the necessity of a dilution factor is 
avoided. The anhydrous lead sub-acetate employed should be only that 
especially prepared for sugar analysis and should contain 72.8 per cent of 
lead. One-third of a gram of the salt is equal to 1 ml. of the regular 64° Brix 
lead solution. The dry lead is also very valuable as a preservative in the stor- 
age of juice samples and its use for this purpose is general. Extensive experi- 
ments by Dr. Spencer have proved that raw juices may be stored in hot cli- 
mates for a period of several days without appreciable deterioration using no 
more of the lead salt than is necessary for the dariflcation of the juice. (See 
p. 302.) 

219. InfiLuence of Subacetate of Lead and other Substances upon the Sugar 
and Optically Active Non-sugars in Cane Products. — Sucrose , — ^The rotatory 
power is not modified by subacetate of lead under the usual analytical condi- 
tions. In the presence of a very large excess of the lead salt, there is a slight 

Jour. Am. Ohem. Soc., Vol. 26| p. 186. 
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diimnutioxi of the rotatory power; there is a decided diminution in alcoholic 
solution containing the lead salt. 

The investigations of Bates and Blake, U. S. Bureau of Standards, show 
that errors of importance in rotation are caused by excessive amounts of sub- 
acetate of lead. An excess of 0.5 cc. causes a diminution of 0.1 1 cc. of 0.12 

2 cc. of 0.11 ** and 3 cc. a diminution of 0.90*^ on the cane-sugar scale. The 
rotation reaches a Tnini-mnm value when an excess of 1 cc. is present and returns 
to the initml value with 6 cc. in excess and continues to increase with the 
amount of lead solution added. A sugar polarizing 99.9® was used in these 
experiments. 

Famsteiner made the following observations rdiative to the iirfluence of 
certain inorganic salts: 

With constant rdation of sugar to water, the chlorides of bariurm stron- 
tium, and calcium cause a decrease in the rotation, which continues to decrease 
as the salt is increased; calcium chloride causes a decrease, but when the salt 
reaches a Tnfl.-giTnnm further addition causes an increase which finally exceeds 
that of the pure-sugar solution. 

If the ration of the sugar to that of the salt be kept constant, it is found 
that the addition of water causes in 2(31 cases an increase in the specific rotatory 
power, z.fi., the action of the salts isflessened. The specific rotatory power is 
almost unaffected by varying the diiantity of sugar with a constant relation 
between the ^t and water. The ^mlorides of lithium, sodium, and potassium 
bdbave in a aimilar manner. 

An examination of the action of the same quantities of different salts 
shows that in the case of strontium, calcium, and magnesium the depression 
varies inversely with the molecular weight, and that the product of the two 
quantities is approximately a constant. Barium chloride does not act in the 
same manner, but the chlorides of the alkalis diow a similar relation. The 
relation, however, only holds good within each group of chlorides and not for 
two salts belonging to different groups. 

The rotatory power of sucrose in water or in alcohol solution is not modified 
by the presence of nitrates of sodium and potassium even when the quantity of 
the nitrate amounts to as much as 50 per cent of the sucrose (E. Gravier). 

In his investigation of the influence of the lead precipitate, Sachs found 
that the presence of acetate of x>otassium very perceptibly diminished the rota- 
tion. The diminution was also noticeable with the sulphates of potassium and 
lead, but was not so marked with the corresponding sodium salts. Sachs also 
states that citrate of potassium, carbonate of sodium, and several other salts 
have an influence analogous to that of the acetates. The presence of free acetic 
acid reduces this influence in part. Sachs further states that the use of tannic 
acid in decolorizing solutions is very objectionable on account of the volume of 
the precipitate formed with the lead. 

Dextrose . — The rotatory pdWer of dextrose is not modified, or, if at all, but 
vety slightly, by either the subacetate or neutral acetate of lead, under the 
analytical conditions. See also Invert-sugar. 

Xeuufos^The rotatory power of levulose is very greatly diminished by the 
presence of subacetate of lead. Acetic acid added to acidity restores the rota- 

“ Bulletin No. 3, p. 105. 

“ Berichte deut. chem. GeseU. 23, 3570; Joum. Chem. Soc., 60 , 283, 

“ Hevue Univers^e de la Fabrication du Swsxe, 1, 161, 



INFLUENCE OF SUBACETATE OF LEAD 




tion of the levulose (Gill in 1871, Spencer in 1885, Pdlet). Levulose is partly 
precipitated as a lead salt in the presence of certain chlorides, in quantitieB 
greater or less, accor^g to the relative proportions of the salts, lead, and 
levulose (Pellet, Edsoh). Basic acetate of lead precipitates levulose in part, 
when salts occur in the same solution with constituents of which basic acetate 
of lead forms insoluble combinations (Prinsen-Geerligs). 

Im&rtrsugax, Dextrosej and Levvlose, — ^In the presence of the salts formed in 
the decomposition of the subacetate of lead, dextrose, and levulose are pre- 
cipitated in part (Pellet, Edson). The influence of the basic lead salt on the 
rotatory power of levulose (see Levulose) or the formation of levulosate of lead 
of little optical activity gives undue prominence to the dextrose, which is not 
affected and results in a plus error. Increasing amounts of subacetate of lead 
added to invertnsugar solutions decrease the left rotation, and finally the rota- 
tion is to the right on account of that of the dextrose. C. H. Gill called atten- 
tion to this error in the Journal of the Chemical Society, April, 1871, and in the 
early editions of this book, Spencer advised the use of acetic add to restore the 
rotatory power of the levulose. 

Acetic acid slightly lowers the rotatory power of invert-sugar; hydrochloric 
acid has an opposite effect. Sodium acetate and sodium chloride increase the 
rotation (H. A. Weber and Wm, McPharsons), Sulphuric and hydrochloric 
acids increase the rotation; oxalic acid has no effect. The rotation increases 
as the quantity of the mineral acid is increased. If the invert-sugar solu- 
tion be diluted after warming with hydrochloric acid, it does not quickly 
reach the rotation corresponding to its dilution, which requires about 
twenty-four hours (Gube 

Malic add, — This acid is laevorotatory. The artificial malic acid is optic- 
ally inactive. Malic acid is precipitated by subacetate of lead. 

Pedine and Parapectine. — ^These substances are dextrorotatory and are 
both precipitated by subacetate of lead, and the second by normal acetate of 
lead. 

Asparagine. — ^Not predpitable by subacetate of lead, but is rendered dex- 
trorotatory instead of Isevorotatory by the lead salt. In water solution and 
alkaline solution asparagine is laevorotatory; in acid solution, dextrorotatory. 
Asparagine is insoluble in alcohol, and in the presence of acetic acid is inactive. 

In neutral and alkaline solution asparagine is Isevorotatory; in presence of a 
mineral acid, dextrorotatory; in the presence of acetic acid the rotation is 
diminished and with 10 molecules of the add becomes 0°, and with additional 
acid is dextrorotatory (Degener). Asparagine is present m cane-juice, espe- 
cially that from immature cane; it is changed to aspartic add by the action of 
lime, and as a lime salt is foxmd in molasses.^*’ 

Aspartic Add. — ^From asparagine by the action of lime; the lime salt is 
soluble. In alkaline solutions, aspartates are Isevorotatory and in acid solu- 
tions dextrorotatory. Aspartic acid is predpitated by subacetate of lead. 

Bulletin Assoc. Chizniste's de France, 8, 131. 

Optical Rotation of Organic Substances, Landolt — Dr. Long’s Eng. ed, 541. 

Champion and Pdlet, Compt. Rend,, 82 , 819. 

W. Maxwell, Bui. 38. 2d Series. La. Expt. Station, p. 1380. 
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220; Boneblack Error. — Boneblack or animal charcoal exercises an 
adsorbent action on sugars and the impurities present in sugar products. For 
this reason its use in analytical work has been discontinued and most official 
methods definitely exclude its employment. Modem high-power electric 
lights in polarising have made it possible to dispense with it. 

221. Ihflnence of Temperature upon Polarizations. Corrections for 
Temperature. — ^The compensating type of polariscope can only give correct 
readings at the temperature at which it was standardized. The former 
standard temperature for these instruments was 17.6® C. and all the instru- 
ments made prior to 1898 conformed to this standard. In 1897 the Inter- 
national Commission for Uniform Methods of Sugar Analysis adopted 26 
grams as the normal weight and 100 true cubic centimeters at 20® C. as the 
corresponding volume. The instrument makers have since conformed with 
this specification. 

The rotation due to the quartz wedges increases with rise of temperature 
and that of sucrose decreases giving a combined effect of a decrease in the 
reading of a normal weight of pure sucrose of 0.03® Ventzke for each 1° C. 
increase in temperature. The United States Treasury Department were the 
first to use temperature corrections in polarizations, these being based on 
tables prepared by Dr. H. W. Wiley. 

C. A. Browne*^ made a full study of the influence of temperature in the 
polarization of raw sugar, and stated that the formula 

pao p*[i + .O003(i - 20)1 

in which P*® is the corrected polarization, P* the observed polarization and t the 
temperature of the observation, may be applied without serious error to cane- 
sugars polaiiziog above 96®. (In actual practice, many laboratories simplify 
the calculation by merely adding .03° V for each degree above 20° C. The 
error introduced by this method is slight but the use of the equation is to be 
recommended.) 

Dr. Browne concluded that the only strictly accurate method was to 
polarize at 20® C. and he equipped the New York Sugar Trade Laboratory (of 
which he was then in charge) with a constant temperature room in which all 
sugar solutions are prepared and polarized at 20® O. The Treasury Depart- 
ment has since installed similar constant temperature laboratories in some of 
the larger ports for use in polarizing sugars for duty purposes. T^e temperature 
■correction formula as given above is used by Government laboratories not so 
equipped. Few industrial sugar laboratories could justify the expense of 
standard temperature rooms, particularly in the tropics. The practical 
accuracy of the correction formula has been demonstrated year after year by 
comparisons of refinery control polarizations corrected by the formula, with 
polarizations of the same sugars in the New York Sugar Trade Laboratory 
where the standard temperature room at 20® is employed; average polariza- 
tions by the two methods always being extremely close. 

The formula is based on the effect of temperature on the rotation of pure 
Handbook of Sugar Analysis. N^ Y.» 1912, pp. 266-262. 
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sucrose^ and as the impurities increase (particularly levulose) the formula loses 
its validity. Browne has shown that at about 80® Ventzke the effect of tempera- 
ture upon the rotation of levulose and other impurities counterbalances the 
decrease in the rotation of the sucrose and quartz wedges, so that at this point 
no temperature correction at all is applied. Below 80° V. the temperature 
coefficient of sucrose is generally more than overbalanced so that the polaiizar 
tion increases with a rise in temperature. The following formula is applicable 
to cane products other than raw sugars of 96° or above: 

P20 = + 0.015(P - 80) (i - 20). 

It is to be understood that this formula is for materials of average composi- 
tion, and will fail to give accurate results in individual cases where the compo- 
sition is imusual, particularly as to levulose content. 

Obviously certain precautions can, and should, be observed to reduce the 
effect of temperature. The laboratory and polariscope room should be well 
ventilated and of the same temperature. The polariscope should not be in the 
vicinity of a heated wall or the laboratory-ovens. The solutions should be 
prepared and polarized at room temperature. Composite samples of sugar, 
used in part as a basis of the technical reports (run reports), should be polarized 
at a time of low temperature in tropical laboratories rather than in the heat of 
the afternoon. 

222. Limits of Accuracy in Saccharimetric Analysis. 2 ® — ^Dr. C. A. Browne 
notes twelve errors that may enter into sugar analysis. While these refer 
specifically to sugar-testing they apply also to a considerable extent in all other 
analyses: 

1. Loss of moisture during mixing. 

2. Loss of moisture during weighing. 

3. Error in normal weights. 

4. Volmne of precipitate in clarification. 

5. Precipitation of levulose. 

6. Error in capacity of flasks. 

7. Imperfect mixing of contents of flask. 

8. Evaporation during filtering. 

9. Error in length of polariscope tubes. 

10. Omission of bichromate cell. 

11. Variations in temperature. 

12. Defects in scales of saccharimeters. 

The errors 3, 6, 9 and 12 are in general mutually compensating and with 
careful management do not appear in the results. Since flasks and tubes may 
be selected that vary but slightly on each side of the correct numbers, the errors 
disappear in the averages of duplicate tests. The weights may easily be kept 

Dr. C. A. Browne read a paper with this title before the New Orleans Section 
of the Am. Chem. Soc., Nov. 20, 1914. The comments and conclusions in this para- 
graph are abstracted from this paper, including the summing up of the residual 
error. 
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withm the limits of accuracy of the balance. The scales of the polariscope 
may be checked near the important points with accurate standard quartz 
plates and corrections be mode. Other points and in fact all parts of the scale 
may be checked with the Schmidt & Haensch control-tube, Fig. 64. Dr. 
Browne estimates that the following plus errors may enter in careless work. 
These are numbered as in the previous list: 


Error Due to: Sugar Degree 

1. Mixing on paper -fO.05 

2. Evaporation during weighing 4-0.02 

4. Volume of precipitate in clarification 4-0. 18 

5. Precipitation of levulose 4-0.03 

7. Imperfect mixing of the contents of the flask 4*0.06 

8. Evaporation during filtering 4*0.04 

10, Omission of the bichromate cell 4*0.07 

11. Temperature variation from the standard 4*0.04 


Total error 4*0.48 


The last four errors amounting to 0.20 are preventable and the first four 
may be reduced. The final residual error in careful work should not exceed 
-1-0.12 as follows: 


Error Due to: Sugar Degree 

1. Evaporation in mixing 4*0 . 010 

2. Evaporation in weighing -4-0.005 

4. Volume of precipitate H-0.090 

5. Precipitation of levulose -f*0 . 016 


Total error +0.120 


There are other sources of error that have already been considered in the 
previous pages of this work, such as those introduced by pressure upon the 
cover-glasses, pressure upon or the wiping of the standardized quartz-plates, 
preparation of the solution at a different temperature from that of the observa- 
tion, etc. Such errors are entirely avoidable. 

The use of alumina cream or the normal acetate of lead in the clarification 
instead of the basic acetate, when the material will permit, practically elimi- 
nates the levulose error. Horne’s dry-lead method removes, or nearly so, the 
volume of precipitate error. It is possible that both these errors would be 
reduced by the use of dried acetate of lead in clarifying, where conditions of 
color will admit. 

The temperature error is one of the most important with which the tropical 
chemist must deal This may amount to —0.6^ in extreme cases. Since a 
constant temperature laboratory is an improbable addition to a sugar-house, 
the only defense against this error lies in making important tests early in the 
morning during the low-temp^turo period, and in the use of the temperature 
correction formulsc given in 221. 



CHAPTER XVni 


CLERGET SUCROSE. DOUBLE-POLABIZATION METHODS 

223. ClergePs Method for Sucrose.— This is often termed the “ double- 
polarization method,” since two polarizations are made, one before and one 
after inversion, in order to eliminate the influence of other optically active 
sugars that may be present with the sucrose. Cane-sugar products usually 
contain the three sugars, sucrose (-f), dextrose (+) and levulose (— ). The 
direct polarization is therefore the resultant of the polarizations of these three 
sugars. The principle of the Clerget method is to supplement this direct 
polarization with a second polarization after complete inversion of the sucrose 
by suitable means. The rotation of the sugars other than sucrose remains 
constant and the change in polariscopic reading before and after the inversion 
is due to the inversion of the sucrose. The sucrose is calculated by dividing 
this change in the polariscopic reading, due to inversion, by the Clerget con- 
stant; this constant representing the algebraic difference in the polariscopic 
readings of pure sucrose, before and after inversion, under the conditions of 
the method used. Suitable correction is made for the temperature at which 
the polariscope is read. In theory the Clerget is simple but practically it 
requires the most exacting and rigorous adherence to correct technique, and 
the many modifications and changes which are constantly advocated are evi- 
dence of the troublesomeness of the method. Possibly no other phase of sugar 
analysis has been the subject of so much research. 

The inverting agents employed are invertase and hydrochloric acid, the 
invertase method being the more exact but having many attendant difficulties 
in the preparation of the substance and the time required for the inversion. 
Dry invertase is now prepared commercially^ and has been found to keep well 
even in the tropics: The acid inversion is generally used in factory laboratories. 
It is recognized that, in common with most sugar analytical methods, the 
results are more or less close approximations chiefly of value from a com- 
parative standpoint. The modifications of the acid-inversion have been 
devised with. a view to simplifying the work or reducing the error through 
decomposition of levulose. 

224. ClergePs Method. Herzfeld’s Modification. ^Dissolve 52 grams of 
substance in water in a 200 ml. flask; add subacetate of lead for clarification, 
then l-’2 ml. alumina cream, dilute to mark, mix wdl and filter. (In the case 
of low-grade massecuites or molasses or other dark-colored material weigh 
26 grams to 200 ml. or 300 ml., calculating results to the basis of the normal 
weight per 100 ml.) Delead by adding powdered sodium oxalate, a little at a 

^ Wallerstein Laboratories, 171 Madison Ave., N. Y. City. 

^Adapted from Official Methods, A. 0. A. C. 

231 



232 CUSRGET SUCROSE. DOUBLE POLARIZATION METHODS 


time, avoiding an e:!tceBS. Eilter again using dry Ideselgulir to aid filtration. 
Add 50 ml. of this lead-free filtrate to a 100 ml. fiask, make to mark, mix well 
and polarize in a 200 mm. tube. The result times 2 is the direct reading (P). 

To a second 50 ml. portion in a 100 ml. flask add 25 ml. of water; then little 
by little, while rotating the flask, 10 ml. of hydrochloric acid 1.1029 sp. gr. 
20 C. (24.85® Brix at 20® C.) . Heat a water-bath to 70 ® C., place the flask, 
with the thermometer ixiserted, in the bath and agitate constantly until the 
contents pf the flask reach 67® C., which should require from 2i to 3 minutes. 
Then continue the heating of the solution for exactly five minutes from the 
moment the thermometer reaches 67®, during which time the temperature 
of the contents of the flask should rise to about 69® C. At the end of the five 
minutes plunge the flask into cold water and cool to about room temperature. 

Wash the solution from the thermometer into the flask and complete the 
volume to 100 nal. at the temperature of the direct polarization. If the invert- 
sugar solution is too dark-colored it should be treated with successive small 
portions of metallic zinc-dust after completion of the volume. The coloiing- 
matter is destroyed by the nascent hydrogen. No more zinc than is necessary 
should be used. 

Make the invert polarization, using a Landolt inversion-tube, Fig. 71. 
Circulate water of the temperature of the direct polarization through the water- 
jacket of the tube during the operation. Note the polariscope-reading (minus) 
and ascertain the temperature by inserting an accurate thermometer, grad- 
uated to i® C., into the solution through the side tubule. Reduce the polari- 
scope-reading to terms of a normal solution observed in a 200-mm. tube. 
(In the case as here given, reading X 2 = invert reading J.) Calculate the 
sucrose by the following formula: 

a 100(P - D 

143 + 0.0676(771 - 13) - T/2' 
in which 

S = sucrose per cent; 

P = direct reading calculated to a basis of normal solution; 

I s= invert reading calculated to a basis of normal solution; 

T » temperature at which readings are made; 

M « grams of solids in 100 ml. of invert solution as read (solids by refrac- 
tometer multiplied by sp. gr. of solution). 

It win be noted that in this formula m denotes total solids and not sucrose 
because it has been found by Zerban and others that water concentration and 
not sucrose concentration regulates the Clerget divisor. For routine labora- 
tory procedure the solids will be known with sufficient exactness from the com- 
position ci the material, if a i^ractometer is not at hand. 

The inversion may be conducted at the room temperature. The inversion 
is always complete withm twenty-four hours at a temperature above 20® C. 
and when there is certainty that the temperature is above 25® ten hours is 
sufficient. The twenty-four-hour period is usually the more convenient 
From this it appears that when time is available, the tedious inversion with 
heating may be avoided with the avoidance qt destruction of levulosA 
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When inversion is at room temperatures the calculation is as above except 
that 143.2 is the Clerget constant instead of 143. 

225. Clerget*s Method as Modified by Steuerwald.®— The inversion is con- 
ducted at room temperature with increased acid strength. A special table of 
constants is required. 

Prepare the solution as described in the preceding paragraph. Measure 
50 ml. of the filtrate into a 100 ml. fiask and add 30 ml. of hydrochloric add of 
1.1 sp. gr. (acid of 1.188 sp. gr. diluted with an equal volume of water). Set 
aside three hours if the temperature is between 20® and 25® C. or two hours if 
above 26° C. Dilute the solution to 100 ml. and polarize, observing the same 
temperature conditions as have been described in the preceding paragraph. 
The following table of constants must be used in connection with the Herz- 
feld formula. The readings should be reduced to terms of the normal weight 
of the material in 100 cc. of solution before making the calculations; 

SrEUERWAIiD^S TABIiE OP CONSTANTS 
(Inversion at Room Temperature with 30 cc. Acid) 


Invert- 


Temperature of the Observation = t 




30" C. 

28® C. 

o 

p 

o 

Q 

o 

p 

20® C. 

-18 


■■■ 




146.51 

146.64 

-17 

HHHHi 

HHHHI 


145.39 

146.42 

145.46 

145.49 

-16 


145.27 

145.30 

145.34 

145.37 

145.41 

145.44 

-15 

145.18 

145.22 

145.26 

146.28 

145.32 

145.35 

145.39 

-14 

145.12 

145.16 

145.19 

145.23 

145.26 

146.30 

145.34 

-13 

145.06 

145.10 

145.13 

145.17 

145.21 

145.25 

145.29 

-12 

145.00 

145.04 

145.08 

145.12 

145.16 

145.20 

145.24 

-11 

144.94 

144.98 

145.02 


145.11 

146.15 

145.19 

-10 

144.88 

144.93 

144.97 


145.06 

145.10 

145.14 

- 9 

144.82 

144.87 

144.91 

144.96 

145.00 

145.05 

146.10 

- 8 

144.77 

144.81 

144.86 


144.95 

145.00 

145.05 

- 7 

144.71 

144.76 

144.79 

144.84 


144.95 

146.00 

- 6 

144.65 


144.74 

144.79 

144.84 

144.89 

144.95 

- 5 

144.59 

144.64 

144.69 

144.74 

144.79 

144.84 

144.90 

- 4 

144.53 

144.58 

144,63 

144.68 

144.74 

144.79 

144.85 

- 3 

144.47 

144.52 

144.58 

144.63 

144.69 

144.74 

144.80 

- 2 

144.41 

144.46 

144.52 

144.58 

144.63 

144.69 

144.75 

- 1 

144.35 

144.41 

144.46 

144.52 

L 

144.58 

144.64 

144.70 


a Archief., 1913, 21 , 831; Int. Sugar Joum., 1913, 15 , 489. 
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226. JadlESon*-GilHs Clerget Modification. — (Method IV.) A series of 
methods, naing neutral salts in the direct polarization to offset the effect of 
the acid on the invert sugar in the invert polarization, were worked out by 
Jackson and Gillis of the Bureau of Standards.^ Method IV is especially 
designed for use with cane products and has become widely used in cane- 
factory practice. The general method as given by the authors is quoted below, 
but det^ of the amounts of substance to be taken and the preparation of 
solutions for juices, sugars, molasses, etc., will be given in the chapters devoted 
to the analysis of these materials. 

** Prepare a normal solution or a solution of such fractional norm^ty 
as the nature of the substance and the sensibility of the saccharimeter requires. 
Make the solution to volume at the temperature at which the polariscopic 
observations are to be made. Clarify with the Tninimum quantity of ary 
basic lead acetate. Inducts of higher purity may be clarmed by adding 
alumina cream before making to volume. Filter. 

(If desired, the excess of lead may be removed at this point. Add pul- 
verized potassium or sodium oxalate to complete precipitation of lead. The 
deleading reagent should be added to the wnole mtrate. If the deleading is 
omitted, the lead is satisfactorily removed by the chlorides subsequently 
added.) 

** Pipette two 50 ml. portions of the clear filtrate into two 100 ml. flasks 
and add 20 ml. of water to each flask. To one portion add 10 ml. of a solution 
of sodium chloride containing 231.5 grams per liter: make to volume at the 
temperature at wMch the observations are to be made and polarize in a water- 
jacketed tube- (Reading calculated to normal weight basis = P.) To the 
other portion add hydrochloric acid and invert by the method of Herbert S. 
Walker as follows: Insert a thermometer in a fia& and heat by immersu^ in 
a hot-water bath until the temperature is exactly 65° C. Remove the flask 
from the bath, add 10 ml. of hydrochloric acid, 1.1029 sp. gr. at (20°/4° C.) - 
(24.85° Brix) mix by rotating and set aside for thirty minute. Cool and 
make to volume at the temperature at which the observations are to be made. 
Polarize in a water-jacket^ tube with temperature carefully regulated to 
the same as that for direct polarization. (Reading calculated to normal weight 
basis « — P'). 

From Table 48 on page 524, find opposite the algebraic sum of P — P' 
(column No. 1), the value of the Clerget divisor (column No. 2). Apply the 
temperature correction. If the original solution was of fractional normality, 
P — P' must be multiplied by this fraction before selecting the value from the 
table. Divide the factor corrected for temperature into P — P' to obtain 
the Qetget sucrose. 

227. Clerget Method Using Invertase.^ — Commercial invertase prepa^ 
rations are available on the market.^ If it is desired to prepare the solu- 
tion in the laborato^, the procedure described under (1) may be used. The 
laboratory preparation may be further purified and concentrated by the ultra- 
filtration method described under (3). 

(1) I^eparaHon of Crude Iiwertase Solution, — ^Mix yeast with water in the 
proportion of 10 pounds of compressed baker's yeast with 5 liters of water. 
Add 2 liters of toluene and stir thoroughly at frequent intervals during the 
firat twenty-four hours- ^ow to stand for seven days vrith occasional 
stirring wd filter by gravity through l^e fluted papers. Mix the residue 
with 2 liters of water, filter, and combine the filtrates. Purify ^ by adding 

^ Bureau of Standards Bulletin No. 375. 

^ Ass’n Off. Agri. Chem., C^dal Methods. 

» WalleiBtein Laboratories. 171 Madison Ave., N. Y. C. 

’ Jour. Ind. Eng. Chem., Vol. 16 562. 
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15 grams of neutral lead acetate to each liter of esctract and filtering on paper 
after all lead acetate has been dissolved. Complete the purification imme- 
diately by dialyg^ or by washing on the ultrafilter as directed under 

(2; Preparation of a Collodion Ultrafilter^ — ^Dissolve 6 grams of Cooper's 
negative cotton (snowy) in a mixture of 60 ml. of absolute Scohol and 60 ml. 
of absolute ether by first adding the alcohol to the cotton, ^dlowing the mixture 
to stand in a stoppered fiask for ten minutes, adding the ether, and shak^. 
Allow the solution to stand overnight, pour about 100 ml. into a 2000 nu. 
cylinder, and coat the entire inside surface of the cylinder with the collodion. 
Drain, and dry for ten minutes. Fill with water, let stand 10-15 minutes, 
pour out the water, and remove the collodion sack. Test for leaks by filling 
with water. Slit open longitudinally and cut out a circular piece about 
7-8 inches in diameter. Cut the bottom from a 2-hter bottle orErlenmeyer 
fiask and grind the ec^e smooth. Place it upon the still moist collodion disc, 
fold the edge of the disk up around the bottle, and cement it thereto with col- 
lo(fion that contains an increased percentage of ether. Place three or four 
thicknesses of wet filter paper in an 8-inch Buchner funnd. Place the bottle 
with the collodion membrane upon the fiOlter paper. Pour melted vaseline, 
to the depth of an inch, between the bottle ana inside of the funnel. Provide 
the bottle with a small mechanic^ stirring device. 

(3) Washing and Concentration of Inoertase Solution by UltrafiUration . — • 
Filter 4 liters of the partially jpurified solution through the ultrafilter, stirring 
continuously, until about 1 hter remains. Wash with distilled water intro- 
duced by means of a constant level device until the filtrate is colorless, 3 or 4 
Kters of wash water being required. During the entire process the invertase 
solution must be preserved with toluene or chinosol. 

(4) Determining the Activity of the Invertase Solution, — ^It is generally 
sufficient to test the activity of the invertase solution as follows: Dilute 1 ml. 
of the invertase preparation to 200 ml. Transfer 10 grama of sucrose (granu- 
lated sugar) to a sugar fiask graduated at 100 ml. and 110 ml. dissolve in 
about 75 ml. of water, add 2 drops of glacial acetic acid, and dilute to the 100 
ml. mark. To the 100 ml. of sugar solution add 10 ml. of the dilute invertase 
solution and mix thoroughly and rapidly, noting the exact time at which the 
solutions are mixed. At the termination of exactly sixty minutes make a por- 
tion of the solution just distinctly alkaline to litmus paper with anhydrous 
sodium carbonate and polarize in a 200 mm. tube at 20*' C. If the invertase 

' solution is sufficiently active, the alkaline solution will polarize approxiinately 
31® Ventzke without correctii^ for the dilution of 110 ml. and the optical 
activity of the invertase solution. 

228. Determination with Invertase.^ — (a) Direct Beading, Dissolve the 
double normal weight (52 grams) of the substance in water in a 200 ml. 
flask; add basic lead acetate solution carefully, avoiding any excess, then 
1-2 ml. alumina cream; shake; dilute to the mark with water; mix well; 
and filter, rejecting at least the first 25 ml. of the filtrate. Cover the funnel 
, with a watch glass. T^en sufficient filtrate has collected, remove the lead 
' from the solution by adding anhydrous sodium carbqnate, a little at a time, 
avoiding any excess; mix well; and filter again, rejecting at least the first 
25 ml. of the filtrate. (Instead of weighing 52 grams into a 200 ml. flask, two 
26-gram portions may be diluted to 100 ml. each, and treated exactly as 
described. Depending on the color of the product, multiples or fractions of 
the normal weight may be used, and the results reduced by calculation to the 
basis of 26 grams in idO ml.) Pipette one 50 ml. portion of the lead-free fidtrate 
into a 100 ml. flask, dilute with water to the mark, mix well, and polarize in a 
200-mm. tube. The result, multipHed by 2, is the direct reading (P of for- 
mula given below) or polarization before inversion. (If a 400-mm, tube is 
used, the reading equals P.) 

« Ibid., 170. 

® Official Methods, Assn. Off. Agri. Ohem. 
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(6) Irwert Reading . — ^First determine the quantity of acetic acid neces- 
Mry to render 50 ml. of the lead-free filtrate distinetly acid to methyl red 
indicator; then to another 50 ml. of the lead-free solution in a 100 ml. volu' 
metric flask, add the requisite quantity of acid and 5 ml. of the invertase 
preparation, fill the flask with water nearly to 100 ml., and let stand overnight 
(preferably at a temperature not less than 20 C.). Cool, and dilute to 100 
rol. at 20° C. Mix weU and polarize at 20° C. in a 200 mm. tube. If the 
analyst is in doubt as to the completion of the hydrolysis, allow a portion of 
the solution to remain for several hours and again polarize. If there is no 
change from the previous reading, the inversion is complete, and the reading 
and temperature of the solution should be carefully noted. ^ If it is necessary 
to work at a temperature other than 20° C., which is permissible within narrow 
limits, the volumes must be completed and both direct and invert readings 
must be made at the same temperature. Correct the invert reading for the 
optical activity of the invertase solution and multiply by 2. Calculate the 
percentage of sucrose by the following formula: 

0 100(P-/) 

142 + 0.0676(m - 13) - T/2^ 

in which 

S — percentage of sucrose; 

P = direct reading, normal solution; 

1 — invert reading, normal solution; 

T = temperature at which readings are made; and 

m == grams of total solids in 100 ml. of the invert solution read in the 
I)olariseope. (Solids by refractometer multiplied by sp. gr. of solu- 
tion.) See p. 232. 
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CHEMICAL METHODS IN SUGAR ANALYSIS 
“Glucose Determination” 

229. Analytical Methods in GeneraL — ^The chemical methods of sugar 
analysis depend upon the property that dextrose, levulose, and other so- 
called reducing sugars have, in alkaline solutions, of reducing copper in the 
cupric state to cuprous oxide. Under like conditions, the amount of copper 
reduced is in proportion to the quantity of the reducing sugars present. In 
the table, page 631 the behavior of many of the carbohydrate bodies vdth 
alkaline copper reagent is given. 

In the Chemical methods of determining sugars (generally called glucose ^ 
determinations), it is very necessary to comply stiictiiy with the directions for 
the analysis since a change in the conditions renders the tables for the calcu- 
lations useless. In selecting the reduction method it must be taken into 
account that there is a slight reduction of copper by sucrose in the presence of 
invert sugar, so consideration must be given to the relative amounts of sucrose 
and reducing sugars in the material to be analyzed. 

The successive steps involved after the selection of the method suitable 
for the material to be analyzed are: The preparation of the solution; the 
precipitation of the copper by boiling a measured portion of the glucoseycon- 
taining solution with a fixed amount of Soxhlet’s modification of Fehling’s 
alkaline copper tartrate solution; a means of determining the amount of 
copper precipitated in the gravimetric methods, or of determining when the 
reduction is complete in the volumetric methods; and finally the calculation 
of the quantity of glucose present by means of tables or formulas suitable to 
the method employed. In general gravimetric methods are more accurate 
and the volumetric more rapid. 

To determine sucrose by chemical methods it is first necessary to change 
it into invert sugar by hydrolysis with acids. If reducing sugars are abeady 
present these must be determined before the inversion of the sucrose and 
deducted from the total found after inversion, the sucrose being calculated 
from this difference. (See 252.) 

It is the purpose of this chapter to give descriptions of various methods for 
the determination of glucose (reducing sugars) in general use, together with 

^ As is customary in the cane-sugar industry, this word is used throughout this 
book to include the dextrose and levulose in the material. The reducing-substances 
of cane and its products are various proportions of dextrose and levulose and possi- 
bly very sm all quantities of other reducing-substances. The mixed reducing- 
sugars are often termed “ invert-sugar.” 
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generalizations on the preparation of the solutions for the analysis. Specific 
directions as to which of these methods is to be employed with juices, sirups, 
molasses, sugars, etc., will be given in the special chapters devoted to the 
analysis of these materials. 

230. Preparing Solutions for Glucose Determinations. — ^The preparation 
of the solution for the determination of glucose is of prime importance no 
matter what method is selected. This was demonstrated in some extensive 
studies made at the Central Control Laboratory 2' ® (Cardenas, Cuba) of the 
Cuban-American Sugar Company at the request of Dr. Spencer. The use of 
normal lead acetate as a clarifying agent in glucose determinations had long 
been accepted as best practice because of the action of lead subacetate on levu- 
lose (Sec. 219) but the directions as to the quantity of lead to be used and the 
deleading agents to be employed allowed wide latitude. The investigations 
at Cardenas brought out the following points for work done on Cuban molasses 
and Cuban raw sugars: 

1. The amount of normal lead acetate solution must be accurately measured 
and must be the miTiimTim amount required to obtain a clear filtrate. In- 
creasing the lead decreases the ammmt of glucose found. 

2. Sodium sulphate and sodium carbonate should never be used as delead- 
ing agents as they give too low results. 

3. Potassium oxalate and sodium phosphate in solution, and dry sodium 
oxalate, used as deleading agents give results checking each other though 
slightly higher than results using on lead whatever. 

4. Where lead and deleading agents are used, if the lead precipitate is fil- 
tered off and the filtrate deleaded it will give lower results than if the ddeading 
agent is added to the leaded solution and the combined precipitates are filtered 
out together. 

5. Sodium phosphate and phosphoric acid are the only deleading agents 
that completely remove the lead. A small amount of lead left in solution does 
not disturb the precipitation of the copper; a large excess gives low results. 

6. Clarification without lead, using kieselguhr only, gives consistent 
results and is a practical and simple method. 

Clarification with kieselguhr without the use of lead has been employed 
for over ten years in the various laboratories of the Cuban-American Sugar 
Company with constant cross-checking showing excellent results. It must be 
r^embered in using this method that the thin solution without lead or other 
preservative will deteriorate quickly, so determinations must be made imme- 
diately after the material is dissolved and filtered. 

The only objection to this method is that there may be present copper- 
reducing non-sugars precipitable by lead, but in the work cited the indica- 
tions were that no such substances were present. This was evidenced by the 
following results: Molasses treated with normal lead acetate and deleaded 
with sodium or potassium oxalate invariably gave results a little higher (1 to 2 
mg. of copper preciptated) than are obtained with the no-lead and kieselguhr 
clarification; while the same molasses 'hmted with the oxalate ordy and kiesel- 

* Meade and Hams. Jour. Ind. Eng. Vol. 8 (1916), page 504. 

* Harris. Jour. Ind. Eng. Chem., Vol. 13 (1921), page 92S. 
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guhr gives the same high result as the lead and oxalate, showing that the dis- 
turbing influence is the oxalate and not the lead. 

Eynon and Lane^ proved that the presence of even small quantities of cal- 
cium salts is sufficient to cause a considerable decrease in the reducing power of 
glucose, particularly in the volumetric method bearing their name (Sec. 239). 
They recommend the removal of the calcium salts with sodium or potassium 
oxalate. Their findings show the reason for the higher results by Meade and 
Hairis where oxalate was used. Since all cane products, particularly low- 
purity materials, contain some lime salts, it seems advisable where no lead is 
used to add some dry sodium oxalate with the kieselguhr before filtering. 
One-half a gram per gram of molasses is sufficient, or if preferred 6 ml. of 10 
per cent potassium oxalate solution per gram of molasses may be added 
before making to the mark. A moderate excess of oxalate does not effect the 
copper-reducing powers. Eynon and Lane also found no indication of copper- 
reducing non-sugars precipitable by lead in the molasses and sugars they 
investigated, as evidenced by the fact that the use of lead for clarification and 
deleading with oxalates gave higher results than with no clarification at all 
(except kieselguhr). Oxalate alone checked their results with lead plus oxa- 
late, proving that the lead had no effect on the reduction but that the oxalates 
removed the distxirbing calcium salts. 

In contradistinction to these findings and those brought out at Cardenas, 
Cook and McAUep® working with Hawaiian molasses report that they found 
decidedly lower results after treatment with lead acetate. That this was due 
to removal of non-sugar reducing substances was proved as follows: lead pre- 
cipitate was absolutely freed from sugar by washing, decomposing by H 2 S, 
and reprecipitating with neutral lead acetate after boiling out excess of H 2 S, 
this process being repeated several times. The sugar-free precipitates were 
finally deleaded in several different ways, filtered, the filtrate added to Soxhlet 
solution, and heated under the conditions of the glucose determination. Copper 
was reduced in all cases. The amounts of these reducing non-sugars are suffi- 
cient to affect the results, hence lead clanfication is necessary.” 

They corroborated the facts that lead is completely removed by disodium 
phosphate while lime is not, and that the oxalates remove all the lime but not 
all the lead. They recommend the use of a mixture of these salts in the pro- 
portion of 7 grams of disodium phosphate and 3 grams of potassium oxalate to 
100 ml. using 1 ml. of this mixture for each gram of molasses. By this mixed 
solution all lead and all lime are completely removed.^ 

No matter what method of preparation of the solution is selected, it should 
be rigidly adhered to in all classes of determinations, otherwise comparable 
results caimot be obtained for use in calculating the “ glucose balance ” of the 
factory or refinery. 

* Int. Sug. Jour. Vol. 26 (1923), page 305, 

® Facts About Sugar. Vol. 13 (1928), page 298. 

* An investigation now in progress, by this writer (G. P. M.) indicates that the 
effect of normal lead acetate on reducing sugars is appreciable and that its use in 
any amount in preparix^ solutions for glucose determinations may introduce a 
considerable error. 
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231. Copper Reagent — All the methods to be described here use the 
Soxhlet modification of FeMing’s solution. This wiU be understood whether 
referred to as Fehling^s/' '^Soxhlet,” or merely ^Hhe copper solution.'" 
It consists of two separate solutions which are mixed in equal volumes just 
before the analysis. 

(a) Copper Sulfate Solution, — Dissolve 34.639 grams of copper sulfate 
(Cu S 04 - 5 H 2 O) in water, dilute to 500 ml. and filter through prepared asbestos. 

Q>) Alkaline Tartrate Solution, — Dissolve 173 grams of Rochelle Salts 
(Sodium-potassium tartrate) and 50 grams of sodium hydroxide in water, 
allow to stand two days and filter through prepared asbestos. 


Geavimetric Methods for Glucose (Reducing Sugars) 

232. Introductory. — ^In the gravimetric methods the precipitated cuprous 
oxide is filtered out of the solution after the reduction (an excess of copper 
always remaining in the filtrate) and the copper is determined by any one of 
the methods to be enumerated later. From the amount of copper found the 
weight of reducing-sugars is determined from tables which have been calcu- 
lated for the method employed. The amount of precipitated copper may be 
arrived at volumetricaUy but this does not make the method a volumetric 
glucose" as generally understood. The volumetric methods depend upon 
determining the amoimt of the glucose-containing solution required to effect 
complete reduction in a fixed amount of Soxhlet solution. 

233. Herzf eld Method. — (Using Meissl- Hiller Factors.) Extended experi- 
ence has proved this to be an excellent method for all classes of cane-sugar 
products and its use is recommended for general routine work. The first step 
in the analysis after the preparation of the sample is the estimation of a suit- 
able quantity of the material for the test. This need be done only in ease of 
materials in which the approximate amoxmt of glucose is not known, which is 
not generally the case in sugar-house routine work. Prepare a series of large 
test-tubes by adding successively 1, 2, 3, 4, and 5 ml. of the solution prepared 
as described above. Add 5 ml. of mixed Soxhlet' s solution to the contents 
of each tube and heat to boilmg during about two minutes. Allow the pre- 
cipitates to settle. Compare the color of the supernatant liquid in each tube 
and note that which has the lightest tint, but is distinctly blue. Measure 20 
times the volume of the deleaded solution that this tube contained into a 
100 ml- flask and dilute it to the mark with water. For example: Tube No. 3 
is selected; 3 X 20 = 60 ml. of the original solution to be made up to 100 ml. 
Use 50 ml. of this solution for the determination. 

'Reduction to Cuprous Oxide. — ^Measure 50 ml. of mixed Soxhlet solution 
(See. 231), f.e., 25 ml. of the copper solution and 25 ml. of the alkali solution 
into a 400 ml. Pyrex or other alkali-resistant beaker and add 50 ml. of the 
prop^ly prepared sugar solution. Heat the contents of the beaker to the 
boiling point, taking approximately four minutes to reach this temperature, 
and continue the boiling with gentle ebullition for exactly two minutes. At the 
condhiBion of the heating period add 100 ml. of cold recently 'boiled distilled 
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Water, and immediatdiy filter and coUect the cuprous oxide, using one of the 
methods described further on. 

The use of a thermometer to determine the b^inning of tfbe boiling period 
was recommended by Harris^ and haja been found to increase accuracy as well 
as to aid in the regulation of the pre-heating to the reqTured four minutes. 
The thermometer is thrust through a rubber stopper which is held in the 
aperture of a perforated watch glass of suitable size to cover the 400 ml. 
beaJser. The point of the thermometer should reach to within 5 mm. of the 
bottom of the beaker when the cover glass is in place. (See Fig. 83.) The 
moment when the thermometer registers 100® C. is taken as the beginning 



of the two-minute boiling period, although local ebullition sometimes starts 
before this temperature is reached while in other instances there is no evidence 
of boiling when the thermometer reaches 100®. An interval timer or accurate 
sand glass may well be used for timing the two-minute interval. 

All the det^ of the method of preparing the solution and conducting the 
reduction must be strictly adhered to that the results may be comparable 
and approach the absolute glucose content. The beakers should be of Pyrex 
or sunilar glass, ^md all be of one size, preferably not larger than 400 ml. and 
of uniform thiclmess and diameter. The boiling should not be violent but 
only just apparent. The addition of cold water at the completion of the two- 
minute boiling period and the filtration should be prompt. 

^ Meade and Harris. Jour. Ind. Eng. Chem., VoL 8 (1916), page 504. 
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The FiUraiion of the Cuprcms Oxide . — ^The invention of the aJundum filter- 
ing crucible and Spencer's method of]making the joint at the rim of the crucible 
instead of the bottom as with the Gooch crucible, have greatly simplified this 
stage of the analysis. Other methods of filtration than with alundum are 
given for use in the absence of alundum ware. 

(o) Provide a Spencer funnel (Eg. 84) or Sargent's alundum crucible- 
holder (Fig. 85). The latter is a modification of the Spencer funnd. and may 
be used with any 60® funnel of suitable size. With the Spencer funnel the 
entire porous wall of the crucible may be thoroughly washed. The Sargent 
holder does not permit quite so thorough washing of the upper edge of the 
crucible, but, with care, the results are satisfactory. 
The funnel and holder must be of the proper size, 
otherwise the crucible itself will trap the washings and 
prevent prompt filtration. A brass funnel for use with 
the Sargent holder which permits very free filtration is 
shown in Fig. 86. A brass Spencer funnel may be 
readily made by one of the sugar-factory mechanics at 
a cost of a few cents, and is entirely satisfactory. The 
upper walls of the funnel must be paralld. The 
rubber rings are carried in stock by the dealers. These 
should be of pure soft rubber, and of about i inch 


Fig. 84. — Spencer Fig. 85. — Sargent 

Crucible Holder. Crucible Holder. 

cross-section. The funnel is placed in a suction-filtering heavy Erlenmeyer 
fiask with side tubule. The suction is obtained by a filter-pump or pref- 
erably through a pipe communicating with the vapor-pipe of the multiple- 
effect evaporator. The alundum^ crucibles require a very efficient filter- 
pump on account of their large filtering area. 

The 25 ml. alundum crucible, porosity R A 360 has been found most satis- 
factory. New crucibles should be soaked in dilute nitric acid, thoroughly 
wadbied with hot water, then soaked in hot mixed Soxhlet's solution, and 
agai n thorou^y washed with hot water. Reverse washing is advisable 
both for new crucibles and for used crucibles betw^een tests. The funnel 

^ Alundum cmcibles may be substituted for platinum in most of the analytical 
work of the factory and agricultural laboratories. These lose weight very slowly in 
glucose work, due to the action of die alkali and the acid used for washing but 
remain piactieally at constant weight for the duiadon of the test. 
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shown in Pig. 86 is convenient for this purpose. Remove the Sargent holder 
and the spring brass cross in the bottom of the funnel and place the crucible 
upside^own on the rubber stopper. When suction is applied and hot water 
sprayed on the outside of the crucible the water is drawn through in the 
reverse direction from the filtration, freeing the pores of the alundum of all 
foreign matter. The crucibles can be freed of contained copper by soaking 
in hot dilute nitric followed by thorough washing. All crucibles after wash- 
ing should be dried in an oven heated over a fiame or preferably in an ^ectric 
mufiSle and stored in a desiccator before use. 

A Gooch crucible with asbestos mat may be used in place of alundum. The 
asbestos should first be digested for several days in dilute (1 : 3) hydrochloric 
acid washed free of acid, then digested for 
the same length of time with 10 per cent 
NaOH solution after which it is treated 
for several hours with hot alkaline tar- 
trate solution. Then digest in nitric acid 
(1 : 3) wash free of acid with water and 
shake fiber up in water. About i inch 
asbestos mat is recommended in the cru- 
cible. The asbestos fiber improves with 
‘use. The copper adhering to the fiber is 
dissolved with strong nitric acid after 
which the fiber is thoroughly washed with 
hot water. A convenient form of labora- 
tory layout for gravimetric glucose deter- 
minations is shown in Fig. 83. 

Immediately after the reduction to suboxide of copper, this precipitate 
is collected in the alundum crucible and is thoroughly washed with hot water. 
The crucible should be filled only about half full during filtration. The 
sub-oxide distributes itself on the walls of the crucible. The washing may be 
followed by moistening the oxide and crucible with pure alcohol to expedite 
the diymg. Dry the crucible in an oven or cautiously over the fiame of a 
lamp, according to the form in which the copper is ultimately to be weighed. 
Proceed by one of the following methods: 

234. Detenoination of the Copper. — Wedderburn^B Method of Reduction to 
MetaUic Copper ,^ — ^This is the simplest of the methods involving reduction to 
metallic copper and its results are nearly as accurate as those by electrolysis 
and equal to reduction in hydrogen. Bend the wires of a pipe-stem or silica 
triangle to form a tiipod support for the alundum crucible. Place the tripod 
in a metal beaker or other convenient metallic vessel. Cover the bottom of the 
beaker to a depth of about 1 cm. with alcohol. Denatured alcohol will serve. 
Place the beaker, covered with a watch-glass, on a hot plate and warm the 
alcohol until its vapors condense on the under side of the cover-glass. Heat 
the crucible to full redness, to bum .off organic matter that may have been 

^ Journal Ind. and Eng. Chem. 7, 610. Original method, Yladinur Stanek, Z. 
Zuokerind. Boehmen, 32, 497? Yotocek and Laxa, Abstract in Ch^. Zeit. Chem. 
Repertorinmi 31, 324. 
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caxried do'wii with the cuprous oxide; remove it from the fl ame and let it cool 
until the redness jalmost disappears; remove the cover from the beaker and 
place the crucible on the tripod and replace the cover. The oxide of copper is 
almost instantly reduced to metallic copper in the atmosphere of alcoholic 
vapor and adheres firmly to the walls of the crucible. The object of cooling 
the crucible to very faint redness is to prevent setting fire to the alcohol. If 
the alcohol should take fire the flames are readily extinguished by blowing 
upon them after covering the beaker. The beaker should be removed from 
the hot plate a moment after introducing the crucible. It is necessary to let 
the crucible cool for three or four minutes in the vapor of alcohol, after the 
reduction to avoid reoxidation of the copper. Should the crucible become 
quite cold, it should be moistened with pure alcohol and this be burned off. 
After cooling in a desiccator the crucible is weighed and the weight of copper is 
ascertained by difference. The whole operation consumes but five or six 
minutea and the copper plating is as good as that obtained by dectrolysis. 

Wedderbum's method may be conducted with a Gooch crucible, but the 
alundum ware is more convenient. An error may enter from occluded ash 
from the test solution or from carbon from the alcohol, but tests show this 
error to be very ftmii}} and usually negligible. The calculation of the^glucose 
is given farther on. 

A special crucible furnace has been devised by Wedderbum for the pre- 
liminary heating. Any electric muffle will serve, or in the absence of current 
an alcohol-burner can be used. 

Electrolytic Method in Nitric SohMon . — ^Determining the copper eleo- 
trolytically is never practiced in routine control tests. The practical accuracy 
of the various indirect methods has been demonstrated by numerous investi- 
gators so that electrolysis is resorted to only for checking methods and for 
research work. 

Collect the cuprous oxide in an alundum crucible as described in Wedder- 
bum’s method, except that a glass funnel must be used and the crucible need 
not be tared. After washing the oxide very thoroughly, change the receiving- 
vessel for the filtrate. Let 4 ml. of concentrated nitric acid fall drop by drop 
upon the oxide, being careful that all parts of the latter are wetted by the acid. 
Follow the acid with a jet of hot water from a wash-bottle and wash the walls 
of the crucible thoroughly. Should any of the red oxide remain, repass the 
acid filtrate throu^ the crucible. The oxide may conveniently be reduced 
to metallic copper as in Wedderbum's method and this be dissolved instead 
of the oxide. Transfer the filtrate to a 250 ml. beaJrer and dilute it to approx- 
imately 100 ml. 

If a goodi cracible is used for the collection of the cuprous oxide, the 
asbestos mat and adhering oxide should be transferred from the crucible to the 
beaker by means of a glass rod. IMssolve any remaining oxide in the crucible 
with about 2 ml. of strong nitric add from a pipette and rinse thoroughly 
with hot water allowing the acid and rinsings to flow into the beaker with the 
asbestos and dissolved copper. Heat the contents of the beaker until all 
copper is dissolved, filter through another prepared Oooch and wash thor- 
oughly, diluting the filtrate to about 100 ml. as in the case of the alundum. 
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A convenient electrolytic apparatus may be made up in most laboratories 
with a large platinum dish (126-160 ml.), a heavy platinum wire bent in a flat 
spiral 8 as shown in Fig. 87 and a storage battery, either of the automobile or 
radio type in conjunction with a suitable rheostate. Connect the dish, D, 
containing the dissolved copper with the negative pole of the battery by placing 
it on a ring wrapped with the bare copper lead-wire. Insulate the ring from the 
support by means of a piece of rubber tubing E. When the spiral anode, 5, is 
connected with the positive pole the copper will deposit on the inside of the 
dish. A current of 0.6 to 1.0 ampere is sufficient with stationary anode, 
the deposition of copper being hastened and made more even by having the 
solution heated to about 60^ C. at the be- 
ginning of the dectrolysis. Under these 
conditions the determination requires from 
one to three hours, depending on the amount 
of copper present. Rotation of the anode 
■will greatly increase the rapidity of the operar 
tion, and permits of the use of 3 to 6 amperes 
current. If direct current from a lighting 
circuit is available it is the most convenient 
source for electrolytic work, using an ordi- 
nary rheostat or a bank of incandescent 
lamps to regulate the amount. Toward the 
end of the electrolysis, which becomes evi- 
dent by the disappearance of the color, the 
solution should be tested for copper from 
time to time by withdrawing a drop and 
adding it to a little ammonia to neutralize 
the acid, then acetic acid to acidity and 
finally a drop of ferrocyanide of potassium 
solution, using a white porcelain plate to Fig. 87.— Apparatus for Electro- 
hold the solutions. When this solution no lytic Copper Determinations, 
longer reacts for copper, t.e., does not turn 

brown when the ferrocyanide is added, without cutting off the electric 
current, withdraw the acid solution with a large pipette or by S 3 rphomng, at 
the same time replacing it with water. Repeat this operation until all the 
acid has been removed, then break the current, remove and dip the cylinder 
in pure alcohol and then in ether, and dry it in an oven for a few minutes. The 
current must not be discontinued so long as a trace of acid remains. The dish is 
now weighed, its increase of weight being due to the metallic copper deposited. 

Weighing the Copper as Cuprom Oxide . — ^The red oxide collected on the 
alundum or Gooch crucible is completely washed with hot water as before and 
is then moistened with strong alcohol followed by a little ether, after which the 
crucible is heated in an oven at approximately 100®C,and dried thirty minutes, 
cooled and weighed. The weight of CU 2 O X ,888 = the wdght of copper. 
This method has little to recommend it except simplicity. It should never be 
used with any but materials of high purity. Work with 96® raw sugars^® 
Meade and Harris. Loc. dt. 
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showed that results calculated from cuprous oxide were 10 per cent higher than 
those calculated from cupric oxide or metallic copper. The results obtained 
w^hing as cuprous oxide with raw sugars were not much more accurate, based 
on percentage of the glucose content, than when working with final molasses. 

Weighing the Copper as Cupric Oxide . — ^The crucible containing the red 
oxide is thoroughly washed with hot water as before. It is then dried and 
heated to full redness for fifteen minutes in a muffle furnace to oxidize the 
cuprous oxide to cupric. Cool the crucible in a desiccator and weigh as 
quickly as possible as the black oxide is very hygroscopic. The weight of 
CuO X 0.8 = the weight of copper reduced. 

This is an excellent method for routine work and long experience with it 
has proven its accuracy. It has been the practice in the laboratories which 
were imder Dr. Spencer’s direction, to determine the copper as cupric oxide 
first and then to reduce the oxide to metallic copper by the Vortocek-Wedder- 
bum method and compare the two results, each method thus checking any 
possible error in the other. The metallic copper generally shows a fractionjof a 
milligram higher, even in the most accurate work, due to occluded carbon 
from the alcohol. 

Low’s Volumetric Thiosulphate Method . — ^This is a highly accurate method 
for determining the quantity of copper precipitated which is used in investi- 
gations to check other methods. It is used in some industries for routine 
work and in the hands of a trained operator is rapid as well as accurate. 

(1) Standardization of the Thiosulphate Solution.!^ — ^Prepare a solution of 
sodium thiosulphate containing about 19 grams of the pure crystals to the liter. 
Standardize as follows: Weigh accurately about 0.2 gram of pure copper foil 
and place in flask of about 250 ml. capacity. Dissolve by warming with 5 ml. 
of a mixture of equal volumes of strong nitric acid (sp. gr. 1.42) and water 
and then dilute to about 50 ml. Boil for a few minutes to expel partially the 
red fumes and then add 5 nol. of strong bromine water and boil until the bro- 
mine is thoroughly e3q>eUed. The bromine is to insure the complete destruc- 
tion or removal of the red fumes. Remove from the heat and add a slight 
excess of strong ammonia water. Ordinarily it suffices to add 7 ml. of ammo- 
nia water of 0.90 sp. gr. Again boil imtil the excess of ammonia is expelled, 
as i^own by a change of color of the liquid and a partial precipitation of the 
copper as hydroxide or oxide. Now add strong acetic acid in slight excess, 
perhaps 3 or 4 ml. of the 80 per cent add in all and again boil for a moment if 
necessary to 'redissolve the copper precipitate. Cool to room temperature and 
add about 3 grams of potassium iodide or 6 ml. of a solution of the salt con- 
taining 50 grams in 100 ml. Cuprous iodide will be precipitated and iodine 
liberated according to the reaction, 

2Cu(CJH,Os) 2 + 4KI « CuJs + 4B:C2 Hs02 + 21. 

The free iodine colors the mixture brown. Titrate at once with the thio- 
sulphate solution until the brown tinge has become weak and then add suffi- 
cient starch liquor to produce a marked blue coloration. Continue the titrar 
iion cautioudy until the color due to free iodine has entirely vanidxed. The 
Bureau of Standards Circular No. 44, page 88. 
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blue color changes toward the end to a faint lilac. If at this point the thio- 
sulphate be added drop by drop and a little time be allowed for complete reac- 
tion after each addition, there is no difficulty in determining the end point 
within a single drop. One ml. of the thiosulphate solution will be found 
to correspond to about 0.005 gram of copper. The reaction between the 
thiosulphate and the iodine is: 

2 Na 2 S 203 + 21 = 2NaI + Na2S406. 

The starch liquor may be made by boiling about 0.5 gram of starch with a 
little water and diluting with hot water to about 250 ml. The liquor should 
be homogeneous and free from lumps. It should be used cold and must be 
prepared frequently. 

(2) Analysis. After washing the precipitated cuprous oxide, cover the 
Gooch crucible with a watch glass and dissolve the oxide by means of 5 ml. 
of warm nitric acid (1 : 1) poured under the watch glass with a pipette. Catch 
the filtrate in a fiask of 250 ml. capacity and wash watch glass and Gooch 
crucible free of copper; 50 ml. of water will be sufficient. Boil to expd red 
fumes, add 5 ml. of bromine water, boil off the bromine, and proceed as in 
standardizing the thiosulphate. 

Calculation of the Percentage of Glucose for Hersfeld^a Method by MeisaU 
Hiller Factors.— If the material analyzed contains more than 1.6 per cent 
glucose and less than 08.5 sucrose in the contained solids calculate the per- 
centage of glucose by the formula and factors given below. Tables have been 
expanded for products of known composition by E. W. Rice and others from 
these factors and formula, so that the tedious calculation is avoided for most 
routine work. 

= the weight of copper obtained; 

= the polarization of the sample; 

= the weight of the sample in the 50 ml. of the solution used for the 
determination; 

= the factor obtained from the table for the conversion of copper to 
invert-sugar; 

= approximate absolute weight of invert-sugar = Z; 

= approximate per cent of invert-sugar = y\ 

= E, relative number for sucrose; 

— J, relative number for invert-sugar; 

= per cent of invert sugar. 

Z facilitates reading the vertical colxunns; and the ratio of E to J, the hori- 
zontal columns of the table, for the pinrpose of finding the factor (F) for the 
calculation of copper to invert-sugar. 

Example. The polarization of a sugar is 86.4 and 3.256 grams of it (W) 
sate equivalent tP ()«290 gram of copper, Then: 


Let Cu 
P 
W 

F 


zx 


Cu 
2 

100 
W 

loop 
P+y 
100 - E 
GuF 
W 
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=.145 X : 


* 4.46 


* 95.1 = R; 


Cu ,290 ^ 

— * = .145 * Z; 

2 2 ’ 

100 100 

z X — =.145 X 4.46 « y, 

^ ^ W 3.266 

loop 8640 „ 

95.1 = R- 

P+y 86.4 + 4.45 
100 - P = 100 - 96.1 = / = 4.9: 

P : / « 95.1 : 4.9. 

By consulting the table it will be seen that the vertical column headed 150 
is nearest to Z, 146, and the horizontal column headed 95 : 5 is nearest to the 
ratio of P to /, 95.1 : 4.9. Where these columns meet we find the factor 61.2 
which enters into the final calculations: 

CuF .290 X 61.2 ^ ^ 

— ss 4.66 per cent of mvertHSugar. 

W 3.256 

MBISSIt AN3> HiLIiBR'S FaCTOES FOB THE DSTBKMINA'nON OF 

Mobb rTHAN 1 Peb Cent of Invert-Sugab 


4.66 per cent of invertHSugar. 


Ratio of 
Sucrose 
to 

Invert- 
Sugar = 
R:L 


0:10 
10 :90 
20 :80 
30 :70 
40:60 
60 :50 
60 :40 
70:30 
80 :20 

90 : 10 

91 :9 
92:8 
93 :7 
94:6 
95:6 

96 :4 

97 

98 
99:1 



56.4 

55.4 

54.6 

53.8 

53.2 

63.0 

63.0 

56.3 

66.3 

54.4 

53.8 

63.2 

62.9 

62.9 

56.2 

65.2 

54.3 

63.7 

63.2 

52.7 

62.7 

56.1 

55.1 

54.2 

63.7 

63.2 

62.6 

52.6 

56.9 

55.0 

54.1 

53.6 

53.1 

52.5 

52.4 

55.7 

54.9 

54.0 

63.5 

63.1 

52.3 

52.2 

56.6 

64.7 

53.8 

63.2 

62.8 

62.1 

61.9 

55.5 

64.5 

63.5 

62.9 

52.5 

51.9 

61.6 

56.4 

64.3 

53.3 

62.7 

62.2 

51.7 

51.3 

54.6 

53.6 

53.1 

52.6 

52.1 

51.6 

51.2 

54.1 

63.6 

52.6 

62.1 

51.6 

51.2 

60.7 

53.6 

63.1 

52.1 

51.6 

51,2 

50.7 

60.3 

53.6 

63.1 

52.1 

51.2 

50.7 

60.3 

49.8 

63.1 

62.6 

61.6 

50.7 

60.3 

49.8 

48.9 

52.6 

52.1 

51.2 

50.3 

49.4 

48.9 

48.5 

52.1 

61.2 

50.7 

49.8 

48.9 

47.7 

46.9 

60.7 

60.3 

49.8 

48.9 

47.7 

46.2 

46.1 

49.9 

48.9 

48.6 

47.3 

45.8 

43.3 

40.0 

47.7 

47.3 

46.6 

45.1 

43.3 

41.2 

38.1 


^ Zeitschrift, 1889, p. 736. 
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236. Herzfeld’s Method for Materials of High Purity. {CoTUaining less 
than 1,5 per (xnt glucose ). Prepare a solution of the matoial so that it 
contains 20 grams in 100 ml. and clarify by filtering through kieselguhr. 
Using 50 ml. of this filtrate conduct the test exactly as given in Sec. 233 
detennining the amount of copper by any one of the methods given. From 
the copper found obtain the corresponding percentage of invert sugar from 
the table (p. 519.) 

236. Munson and Walker Unified Method. — ^This is of wide application, 
the complete tables giving amoimts of dextrose, invert sugar, invert sugar and 
sucrose, lactose, lactose and sucrose, and maltose corresponding to quantities 
of copper reduced when these various sugars are present. For our purposes 
invert sugar alone and invert sugar in the presence of sucrose are the only 
mixtures to be considered and the tables (p. 620) are abridged accordingly. 

“ If the composition of the mixture is known approximately, the weight of 
substance required can be judged without a previous assay. If less than 10 
per cent of reducing sugar is present, a weight of 2 grams of total sugar should 
be taken in 50 ml. If more than 10 per cent, 0.4 gram in 50 ml. is the required 
amount. For unknown mixtures it is best to make an analysis with either one 
of the amounts of total sugar. This will serve either as a preliminary or final 
assay according to the amount present.” The analysis is conducted as in the 
two Herzfeld methods insofar as preparation of the solution, precipitation of 
the copper and collection and washing of the precipitate are concerned, 
except that no water is added at the end of the boiling period; also water at 
60° C. is specified for washing the precipitate. This method is of great value 
for thin solutions of low purity such as press waters, char filter wash waters, 
and the like. 

VoLiJMETKic Methods pok Glucose (Reducing Sugabs) 

237. Introductory. — ^As opposed to the gravimetric procedure of detemiin- 
ing the copper precipitated by a fixed amount of the glucose-containing 
solution, the volumetric methods determine the volume of test solutions 
required to precipitate completely all the copper in a certain amount of 
Fehling’s solution. Volumetric methods are much used in routine tests 
because of their rapidity, but the gravimetric analyses are preferable for 
important control figures. 

238. Soxhlet’s Volumetric Method. — ^*‘Make a preliminary titration 
to determine the approximate percentage of reducing sugar in the material 
under examination. Prepare a solution that contains approximately 1 per 
cent of reducing sugar. Place in a beaker 100 ml. of the reagent and approxi- 
mately the quantity of the sugar solution necessary for its complete reduction. 
Boil for two minutes. Filter through a folded filter and testa portion of the 

^ Although generally described as being limited to materials of over 98.5 per 
cent sucrose, this is the accepted method for raw sugars and other materials of high 
purity, having a low i>ercentage of gliicose. 

1* Bureau of Standards Circular No. 44, pages 84 and 85. 

i^A. O. A. C. Official Methods (1925). Page 190 
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filtrate for copper by use of dilute acetic acid and dilute potassium ferro- 
cyanide solution. Repeat, varying the volume of sugar solution, until two 
successive quantities are found that differ by 0.1 ml., one giving complete 
reduction and the other leaving a small quantity of copper in solution. The 
mean of these two readings is taken as the volume of the solution required 
for the complete precipitation of 100 ml. of the reagent. 

Under these conditions 100 ml. of the reagent requires 0.494 gram of invert 
sugar for complete reduction. Calculate the percentage by the following 
formula: 


Percentage of invert sugar 


100 X 0.494 
VW ’ 


in which 


V = the volume of the sugar solution required for the complete reduction 
of 100 ml. of the reagent; and 

W = the weight of the sample in 1 ml. of the sugar solution.” 


A table of reciprocals is given (p. 523) to facilitate the calculations. 

The test for copper is best carried out by removing a small portion of the 
solution with a pipette, filtering through a small fluted filter-paper, allowing a 
drop to fall on a spot plate containing a mbcture of 10 per cent acetic acid and 
potassium ferrocyanide (20 grams to a liter). A brown coloration indicates 
the presence of copper. The color test decreases in intensity as increased 
portions of the sugar solution are used. The progress of the test may be readily 
followed, after a little practice, by noting the appearance of the red oxide pre- 
cipitate and the color of the supernatant liquid. 

The volumetric method requires checldng against a standard solution of 
invert sugar, the directions being as follows: Dissolve 4.75 of pure sucrose 
in 76 ml. water, add 10 ml. of dilute hydrochloric acid (sp. gr. 1.1029 at 20® 
C./4® C. = 24.8® — 24-9® Brix at 20® C.) set aside for twenty-four hours at a 
temperature not below 20® C. (if temperature is above 25® C., ten hours will 
sujQdce). After the inversion is complete neutralize the acid with dilute sodium 
hydroxide solution mixing constantly while hydroxide is being added and then 
make up to 1 liter. Each milliliter of this solution contains 0.005 gram of 
invert sugar. Run a test with this pure invert solution in exactly the same 
manner as described above and calculate the strength of the copper solution 
in terms of invert sugar. Each new batch of Fehling’s solution should be 
standardized in this way. The analyst thus standardizes his own procedure 
and subsequently rigidly adh^es to that same procedure. 

239. Eynon-Lane Volumetric Method. — (Using Me£kylene Blue as Intear’- 
mil Indicator.)^* — ^This was published in 1923 and has rapidly found favor 
both in the sugar and ^ucose industries. It dispenses with the necessity of 
testing for the copper with ferrocyanide as in the Soxhlet method. The 
authors claim for it the accuracy of the gravimetric methods and the rapidity 
and simplicity are evident. The sugar solution is prepared of such a strength 
that it will contain from 0.25 to 0,8 gram glucose per 100 ml. if the sucrose is 
proportionately low (as in molasses) or from 0.1 to 0.3 gram if the sucrose is in 

“ A high-grade dry refined granulated sugar wfll do. 

“ Int. Sug. Journal. Vd. 25 (1923), p. 143^ i 
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greater proportion as in juices, sirups, sugars, etc. (See chapters rdating to 
analysis of these products for specific instructions as to amount of sample.) 
Dry sodium oxalate is added to remove lime salts (see p. 239) and filtration is 
effected with kieselguhr; or normal lead acetate, deleading and deliming with 
mixed potassium oxalate and disodium phosphate as recommended by Cook 
and McAllep may be employed for claiification. After filtration the test is 
carried out as follows: 

Solutwns , — ^The Fehling^s solution used is Soxhlet's modification and is 
prepared as in Sec. 231. The indicator is prepared by dissolving 1 gram of 
methylene blue in distilled water and making up to 100 ml. This solution 
will keep for months without change. 

Standard Method of Procedure , — ^Ten or 25 ml. of ndxed Febling's solution 
is measured into an ^lenmeyer flask of 300 to 4:00 ml. capacity, and treated 
cold with almost the whole of the sugar solution required to effect reduction 
of all the copper, so that if possible no more than 1 ml. is required later to com- 
plete the titration. The approximate volume of sugar solution required is 
ascertained by a preliminary incremental titration which will be described 
further on. The flask containing the cold mixture is heated over a wire gauze; 
after the liquid has begun to boil it is kept in moderate ebullition for two 
minutes, and then, without removal of the flame, 3-5 drops of the methylene 
blue indicator are added, and the titration is completed in one minute further, 
so that the reaction liquid boils together for three minutes without inter- 
ruption. 

The indicator is so sensitive that the end-point can be determined to 
within one drop of the sugar solution in most cases. The complete decoloiiza- 
tion of the methylene blue is usually sufficiently well indicated by the whole 
reaction liquid, in which the cuprous oxide is constantly churned up, becoming 
blight red or orange in color; but in case of doubt the flask may be removed 
from the wire gauze for a second or two and held against a sheet of white paper 
on the bench, when the edge of the liquid will appear bluish if the indicator is 
not completely decolorized. It is inadvisable to interrupt the boiling for more 
than a few seconds, as the indicator undergoes back-oxidation rather rapidly 
when the air is allowed free access to the flask, but there is no danger of this so 
long as there is a continuous stream of steam issuing from the mouth of the 
flask. 

Iricrementcd Method of Titration . — ^The method as outlmed above is the one 
which permits the greatest precision and is least affected by personal factors. 
Since, however, the volume of sugar solution required must be known approx- 
imately in order that the whole of it may be added at one time before boiling, a 
preliminary titration is usually necessary. The method of carrying out this 
titration is as follows: 10 or 25 ml. of Fehling's solution, in a 300-400 ml. 
Erlenmeyer flask, is treated cold with 15 ml. of the sugar solution, and without 
further dilution is heated to boiling over a wire gauze. After the liquid has 
been boiling for about fifteen seconds, it will be possible to judge if the copper 
is all reduced, by the bright red color imparted the boiling liquid by the sus- 
pended cuprous oxide. If it is judged that nearly all the copper is reduced, a 
few drops of the methylene blue indicator are added, boiling is continued for 
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1-2 minutes, from the commencement of ebullition and then the sugar solution 
is added in small quantities, say 1 ml. or less at a time, the liquid being allowed 
to boil between successive additions for about ten seconds, until the color of 
the indicator is completely discharged. If after the mixture of Fehling's 
solution with 15 ml. of sugar solution has been boiling for about a quarter 
of a minute there stiU appears to be much unreduced copper, a further 10 mL 
of sugar solution is added and the whole allowed to boil for a quarter of a min- 
ute, and so on xmtil it is considered unsafe to add a further large increment of 
sugar solution; boiling is then continued for 1-2 minutes, after which the 
indicator is added and the titration is completed by small additions of the 
sugar solution. It is advisable not to add the indicator until the neighborhood 
of the end point has been reached, for the same reason that in the titration of 
iodine with thiosulphate solution the addition of the starch indicator is best 
postponed until as late a stage as possible, viz., because the indicator retains 
its fuU color until the end-point ia reached and gives no warning to the operator 
to go slowly. 

The flask should remain on the wire gauze over the Bunsen flame through- 
out the entire titration, except when it may be removed for a few seconds to 
ascertain if the end-point is reached. In adding the sugar solution to the reac- 
tion mixture the burette should be hdd in the hand and brought over the 
flask. The burette is fitted with a small outlet tube bent twice at right angles, 
so the body of the burette can be kept out of the steam while the jet is held 
over the flhsk. Burettes with glass stop^cocks are unsuitable for this work, 
as the co<^ become heated by the steam and are very liable to jam. 

DS!a!E!BMXNATION OF SUOROSE BY HeDUCTIOX MbTEODS 

First determine the glucose (reducing sugars) by the method of Munson 
and Walker (Sec. 236). Invert a second portion of the solution as follows: 
Hpette a 50-ml. portion into a 100-ml. flai^ and add 20 ml. of water, insert 
thermometer, and heat to exactly 65° by immersion in a hot water bath. 
Remove the flask from the bath, add 10 ml. of hydrochloric acid solution 
(24.85 Biix at 20° O.), mix and allow to stand for thirty minutes; then cool 
to room temperature in cold water, remove and rinse thermometer, and transfer 
the solution to a liter fla^. Almost neutralize the acid with dilute caustic 
soda and complete the volume to 1000 ml. The solution should be so pre- 
pared that not more than 240 mg. of invert sugar is present in 50 ml. of the 
invated solution. After the inversion is complete again determine the reduc- 
ing sugars by the Munson and Walker method and deduct the amount obtained 
before inversion from that obtained alter inversion. This represents the quan- 
tity of invert sugar obtained by the inversion of the sucrose, and since sucrose 
yidds invert sugar on inv^on’at the rate of 100 : 95, this must be multiplied 
by 0.95 to calculate the sucrose originally. 

(Per cent invert sugar aitar invmon — ^oose in the material) X 0.95 « 
the percentage of sucrose. 
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DENSITY AND TOTAL SOLIDS DETERMINATIONS 
Densimetric Methods 

240. General Remarks.— The expression “density** is very commonly 
used in the sugar industry synon 3 mioiisly with “specific gravity.** Sugar 
chenusts also frequently term the degree Biix or the degree Baum4 the “ den-* 
sity *' of the solution. This use of the word density is not strictly correct, but 
it is sanctioned by usage and the word will be used in this sense in this book for 
brevity and convenience. The graduations on hydrometers used in sugar- 
work are termed “ degrees.** 

241. Degree Bzix or Balling.— This system of hydrometer graduation was 
devised by Balling; the data were afterwards recalculated and checked by 
Brix. This hydrometer is known by both names in Germany, but the name 
“ Brix *’ is used almost exclusively in America. The degree Brix is the per- 
centage by weight of sucrose in a pure sugar solution. In commercial sugar 
analysis it is customaiy to consider the degree Brix as the percentage of solid 
matter, or the total solids, dissolved in a liquid. It is this feature of the Brix 
hydrometer, or spindle, as these instruments are commonly called, which 
renders it more convenient than the Baum6 instrument in sugar-house work. 

The degree Brix, as determined by floating a spindle in a sugar solution, 
is termed the apparent degree Brix. The percentage of total solid matter in a 
sugar solution as determined by drying in an oven is often called the true 
degree Brix. Except when qualified by the word “ true,** the apparent degree 
Brix is understood to be meant. 

The French use two modifications of this instrument, the Brix-Dupont 
and the Brix-Vivien spindles. The Brix-Dupont hydrometer reads 0® in dis- 
tilled water at C., whereas the Brix spindle reads 0^ at 17^^* C., or according 
to the standard adopted by the International Congress of Chemistry, at 20*^ 
C. Both of these hydrometers indicate percentages by weight. The Brix- 
Vivien hydrometer indicates the percentage of sugar in a solution at 15** C. in 
tenns of the weight and volume, i.6., grams of sugar in 100 cc. of solution. The 
French modifications cited above are never used in the cane^ugar industry. 

It may be well to state that the Brix spindle indicates percentages of 
sucrose in water solutions containing only the pure sugar. 

242. Degree Baume.— The Baum4 (also spelled Beaum4) scale has no con- 
venient relation with the percentage composition of any sugar-house product. 
The point to which the Baum4 hydrometer sinks in distilled water at the 
standard temperature is marked z^o; the corresponding point in pure sul- 
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phimc acid of 1.8427 specific gravity is marked 66^. Bauiii6 spindles are also 
graduated for densities below zero, but the range of from 0^ to 50^ is all that is 
required in the sugar industry. 

Gerlach and later Mategczek and Scheibler recalculated the values of the 
graduations of the Baum4 scale. The recalculated numbers are termed the 
new ” or " corrected degrees Baum6 and are those given in the table, 
page 451. 

The terms “ new ** and “ corrected ” are misleading since the most recent 
Baum6 scale is that calculated by the Binreau of Standards ^ based on a constant 
multipHer or “ modulus ” of 145 according to the formula 

146 

Degrees Baumd = 145 — r — rr—r; r- 

Specific Gravity 

the specific gravities all being at 20® C. referred to water at 20° C. (or as com- 
monly expressed sp. gr. 20°/20° C.). The Baum6 degrees according to this 
scale are shown in the table on page 459. The so-called “ new ” or “ cor- 
rected ” (i.c., Gerlach) scale uses a modulus of 146.78 for specific gravities 
17.6®/17.5® C. 

The Baum4 scale was at one time used almost exclusively in the sugar 
industry, but at present chemists prefer the Brix scale. Planters and sugar- 
makers still use the Baum4 scale to some extent but not under conditions where 
great accuracy is demanded. 

243. Hydrometers or Spindles. — ^These instruments are frequently termed 
“ saccharometers ” when specially graduated for use in the sugar industry. 

A high-grade Brix hydrometer is shown in Fig. 88. This instrument is 
provided with a thermometer. Instruments for ordinary work, in the factory, 
are made of metal or of glass, and without the thermometer. In America 
and Germany the standard temperature for the graduation of these instru- 
ments has been, until recently, l7i® €. The present standard adopted by the 
International Congress of Applied Chemistry is 20® C. and this has very gen- 
erally displaced the older standard. For temperatures varying from these 
standards, corrections must be applied to the readings. 

Hydrometers whose normal or standard temperature is 17J® C., when 
floated in distilled water at this temperature, read 0®, and the corresponding 
fifpecific gravity of the water is 1.0000. In other words, the weight of a volume 
of the sugar solution at 17i° C. is referred to the weight of the same volume of 
water at 17jr® C. The table on page 451 is constructed for this normal temper- 
ature, 17i° C. 

Hydrometers whose normal or standard temperature is 20® C., as specified 
by the International Congress of Applied Chemistry, when floated in water at 
this temx>erature, read 0®, and the corresponding specific gravity is 0.998234. 
The specific gravities of the solutions, corresponding with the d^ees Brix, 
are given in the table, page 459. 

It is to be hoped that the older standard of 17§® C. will soon become en- 
tirely obsolete in order that the duplication of tables, necessitated by the use of 
two standard temperatures, will be a^Voided. 

^ Bureau of Standards Circular No. 44, p; 159. 
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In using the hydrometer, it is floated in the sugar solution after this has 
been thoroughly mixed and allowed to stand until aU air bubbles have risen 
0 Brix ^ surface. The instrument should be dean and dry 
^ and should be lowered carefully into the liquid so that the 
stem is wet for a short distance (2 or 3 mm.) above the point 
where it comes to rest. Suction may conveniently be used 
to assist in the removal of air, a glass tube connected with a 
vacuum line being thrust through a large rubber stopper, 
14 which is pressed down on the top of the cylinder for a few 
moments. The reading on the scale is made at the point B, 
not B', of Pig. 89. The point B is at the level of the surface 


R — 4 


Fig. 89. — Reading the Hydrometer. 

of the liquid and is selected for the reading, since the menis- 
cus varies with the viscosity of the solution. It is often 
necessary in dark solutions to estimate the position of the 
point B. The reading of the scale is not made until after 
allowing sufficient time for the hydrometer to become of the 
same temperature as the solution. If the temperature of the 
liquid varies from the normal temperature for which the 
hydrometer is graduated, the observed reading of the scale 
must be corrected. For instruments whose normal tempera- 
ture is 17i° C., the corrections given in Gerlach's table, 
page 458, should be used. For instruments that are gradu- 
ated at 20® C., in conformity with the specification of the 
International Commission for Uniform Methods, the table of corrections 
on pages 469 and 470 should be used. It is necessary in accurate work to use 
the hydrometer at near its normal temperature. 

^ The type of Brix hydrometer shown in Pig. 88 has the thermometer 


Fig. 88.— Brix 
Hydrometer. 
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included and the coirectioDB piinted on the paper with the thermometric 
degrees, the height of the mercury column indicating the correction to be 
applied^ This type of hydrometer has many points to recommend it. The 
temperature recorded.is the same as that at which the Brix is taken; the use of 
reference tables is avoided and the standardization of the instrument includes 
both the hydrometer and the thermometer. On the other hand, such instru- 
ments are expensive and much more difficult to obtain of such accuracy that 
no correction need be applied. For these latter reasons some laboratories prefer 
a spindle of the same form but containing no thermometer, the temperature 
being taken with a floating thermometer immediately after the hydrometer is 
removed from the solution. 

The stems of the hydrometers should be of small diameter in order that the 
graduation may be open and easily read. For accurate determinations the 
range of the instrument should not exceed 6^ Brix marked in tmiths, and the 
stem length i^ould be at least 6inches, such graduations permitting the reading 
of the Brix to 0.05® by dividing the smallest graduation with the eye. All 
hydrometers should be tested before being put into use against solutions of 
pure sucrose. For general laboratory purposes a high-grade granulated sugar 
may be used and the percentage of sugar determined with the polaiiscope. 
Hydrometers should be marked by the makers with a serial number for identi- 
fication and to record the corrections found by the standardization. 

Hydrometer jars or cylinders should be wide so that the spindle may float 
freely. A cylinder 2 inches diameter, 16 inches high, either with or without 
lip, is satisfactory. 

244- The Westphal Balance.^ — ^The principle of this balance. Fig. 90, may 
be briefly stated as follows: A glass bob is so adjusted as to be capable of dis- 
placing a given number of grams, five for instance, of distilled water at a given 
temperature when wholly immersed in the liquid and suspended by a fine plat- 
inum wire. The bobs may be graduated for any temperature; but for sugar- 
work 17i® C. or 20® C. (preferably the latter) are most convenient, since 
these are the temperatures usually employed in preparing specific-gravity 
tables. For accurate work the temperature of the solution whose specific 
gravity is to be determined should be exactly that for which the bob was grad- 
uated. The balance is provided with several riders or weights. Two of these 
riders, 1 and 2, are each exactly the weight of the water displaced by the bob 
at the stMidard temperature, 17i® C. The other riders, 3, 4, and 6, are 
respectivdy one-tenth, one-hundredth, and one-thousandth the weight of the 
first mentioned. When the weight 1 is hung on the hook at the end of the 
beam and the bob immersed in distilled water at 20® C. (or 17}® if the bob is 
so graduated), the balance ^ould be in equilibrium, the weight having the 
value 1.000 in this positioiL. In case the balance is not in equilibrium under 
these conditions, provided the bob has been correctly graduated, suspend this 
latter from the hook and turn the adjustingHscrew until the pointers are exactly 
opposite one another. The wei^ts 2, 3, 4, and 5 are placed on the beam in 
addition to 1 for liquids heavier than water, and have the values .1, .01, .001, 
and .0001, respectively, when i^aoed on the c(»re)^)on<ling graduations of the 

> Adapted from Bulletin 13, Chem. Div., U. B. Deptl A^; also fllustr^tion. 
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beam, and for other graduations .300, .030, .003, .0003, etc. Bach rider is 
provided with a hook from which ad^tional weights may be suGtpended in 
case of more than one falling upon the same graduation. 

The method of using the balance is as follows: Suspend the bob of the bal- 
ance as described above in the solution, at the standard temperature, and 
weight the beam with the riders until the balance is in equilibrium. !Read off 



the specific gravity from the position of the weights on the beam. Example: 
In determining the specific gravity of a sample of cane juice the position of the 
riders was as follows: 

1 at point of suspension of the bob — 1.000 
2 not on the beam 


3 at 7 = 0.07 

4 at 9 « 0.009 

Specific gravity = 1 . 079 


The degree Brix or Baum4 corresponding to the specific gravity may be 
ascertained from the tables on page 451. 

246. Pyknometers. — ^Pyknometers are bottles so constructed that they may 
be filled with a definite volume of a liquid. Given the weight of this volume, 
it may be compared with the weight of an equal volume of distilled water. 
It is not often necessary to use a pyknometer in technical work, the more rapid 
density determinations by the hydrometer bdng usually sufficiently accurate. 
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Pyknoioeters are made in a great variety of forms. One of the most con- 
venient of these is shown in Fig. 91. The side tube provides an outlet for the 
excess of liquid when the stopper, a fine thermometer, is put in place, also for 
the overflow, as the temperature of the liquid rises. The bottle should be 
filled with the liquid cooled to a temperature lower than that at which the den- 
sity is to be determined. As the temperature rises 
j to the desired point, the liquid expands and the 

M excess is blotted with paper at the side tube. At the 

^ required temperature the cap is placed in position ■ 

I X and receives any further liquid that may be expelled, 

^ ^ as the temperature rises to that of the work-room. 

□ There is a minute opening in the top 6f the cap for the 

^ escax>e of the air. 

[1 A It is convenient in sugar-work to determine the 
^ \ specific gravity at 17i®C., the solution at this tem- 

i W perature being compared with the weight of an equal 

( I I {u volume of water at 17i® C. The International 

I Committee on Uniform Methods of Analysis adopted 

20® C. as the standard for the solution, referring 
\ it to water at 4® C., the temperature of its maximum 

yl) density. The standard used is indicated as follows: 
F 17i® 

= 1.07956, meaning that the temperature of 

the solution and that of the water were each 17i®. 
J The number above the line is that of the solution, and 

that below the line, that of the water. 

By means of the pyknometer, described in this 
article, the weighings can readily be made of the liquid 
" ~ ^ held by the specific gravity bottle at 17 J® C. The 

Fig. 91. — ^Pyknometer. specific gravity under these conditions is calculated by 
dividing the weight of the solution by the weight of 
an equal volume of water. In both cases the bottle is fiUed at 17i® C. 

20 ® 

In determining the specific gravity at the standard — C., the process is 

more complicated, since the expansion of the glass pyknometer and the air den- 
sity must be taken into account. The following description of the calculations, 
also the table, are from Landolt's work.® The pyknometer is first filled with 
recently boiled and cooled distilled water, and is weighed. The temperature 
and weight are noted. The weight is the apparent mass of the water in the 
air, a constant for the pyknometer at the temperature, to, at which it was filled 
and should therefore be determined with great care. 

The calculations are made by the following formula, in which the letters 
have the values indicated below: 


'Optiacheaii Di^ungsrantiSgeii. 


3jS(io - 1 - 


\(F - 
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TFo, = tlie apparent mass of the water in the air at the temperature ioj 
F « the apparent mass of the sugar solution in the air at the temperature t\ 
Q = specific gravity of water at the temperature Ui 
3j8 = 0.000024, the coefficient of cubical expansion of glass; 

X = 0.0012, the air density; 

dt = specific gravity of the solution of the sugar at the temperature t 
referred to water at 4° C. 

The first factor of the formula is the tmcorrected specific gravity, the second 
factor corrects the specific gravity for temperature and the third factor is for 
the reduction to weights in vacuo. 

The value of Q may be taken from Landolt’s table at the end of this article. 
If the difierence between t and to is small, a mean value, 0.000024, may be used 
for 3i3. 


Spbcivic Ghavitt op Water at Various Temperatures 
(From Landolt’s Optischem Drehungsvermogen) 


to 

Qo 

B 

Qo 

U 

Qo 

to 

Q. 

0 

0.999874 


0.998683 

20.0 

0.998235 

22.4 

0.997709 

1 

930 

8 

664 

1 

214 

5 

685 

2 

970 

9 

646 

2 

193 

6 

662 

3 

993 

18.0 

628 

3 

172 

7 

639 

4 

1.000000 

1 

609 

4 

151 

8 

615 

6 

0.999992 

2 

590 

6 

130 

9 

592 

6 

969 

3 

571 

6 

109 

23 

568 

7 

931 

4 

552 

7 

087 

24 

326 

8 

878 

5 

533 

8 

066 

25 

073 

9 

812 

6 

514 

9 

044 

26 

0.996811 

10 

731 

7 

495 

21.0 

023 

27 

540 
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Total Souds by Dbtino 

246. General Observatioiis. — ^The determination of the total solids and 
moisture in sugar-house materials is one of the most unsatisfactory tests the 
chemist is called upon to make. This is due to the ready decomposition of 
several of the constituents and under some conditions to their tendency to 
occlude moisture. It is advisable to select methods that give fairly compara- 
ble results under average conditions and to use these at all times. If the 
drying is conducted in an air-oven, the same weight of material, the same size 
and kind of a dish, and the same temperature and heating-period should be 
adhered to at all times for a given class of materials. A temperature that 
is suitable, 6.^., to a high purity large crystal sugar is too high for a soft sugar 
of low polarization. The first requires a comparatively high temperature (105® 
C.) to drive off the occluded water and the other a very low temperature to 
avoid decomposing the invert sugar. 

Great care must be exercised in cooling and Weighing the sample after 
drying as all dried sugar-products are very hygroscopic. It is best to employ 
covered dishes; to use a separate desiccator with each sample; to make sure 
that the desiccating material is active, and finally to weigh as rapidly as pos- 
sible. Many control methods prescribe drying for a fixed time at a definite 
temperature, rather than to constant weight, since continued heating may 
cause a destruction of organic matter. Solids, such as sugars, are dried in the 
natural condition, while molasses, sirups and massecuites are generally accu- 
rately diluted 1 : 1 with water. This offers no extra manipulation since the 
“ double dilution ” of these products for Brix determinations is routine pro- 
cedure. Juices and other thin solutions are weighed without dilution of 
course. 

247. Moisture Betenniaations in Ordinary Oven. — Sugars . — ^Weigh 5 
grams of the well-mixed sample into a flat dish (aluminum, 60 mm. in diam- 
eter with cover is convenient) spread the sugar evenly over the bottom and 
dry at 105® 0. for three hours.^ Cool in a desiccator and weigh. The loss in 
weight, divided by the weight of sugar taken, multiplied by 100 is recorded 
as percentage moisture. 

Liquid Products'. Drying on Pumicestone. Carr and Sanborn* s Method.’^ 
— ^Ftepare pumice-stone in two sizes. One size should pass a 1 mm. sieve 
and the other should pass a 6 mm. sii^ve, circular perforations. Digest each 
with dilute sulfmic acid (1 : 9) for eight hours on a steam bath then wash 
free from acid and heat to dull redness. Place a layer of the finer pumice- 
stone 3 mm. thick on the bottom of a 60 mm. aluminum dish with cover then 
a layer of Ike coarse pumice-stone 6 to 10 mm. thick ujwn the first layer. 
Add such a quantity of the solution to the tared dish and pumice-stone as wiU 

^ The A. O. A. C. official method calls for drying ten hours at the temperature 
of boiling water; drying and weighing; then reheating for one hour periods until 
loss of weight is not more than 2 mgs'. For large-grain sugars, heating for the last 
hour at 105^^110^ is recommended. The shorter heating period given above is 
general practioe in sugar laboratories. 

^ Bi^. 46 Div. Otaolstry IT. S. Depart. Agii., p. 45. 
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yield approximately 1 gram of dry matter. In weighing the solution use a 
weighing-bottle provided with a cork through which a pipette passes. Dry to 
constant weight in a water-oven if the material contains little or no levulose, 
making trial weighings at intervals of two hours. The drying may be con- 
ducted in a vacuum-oven at about 70® C. in case of material containiog much 
levulose or other readily oxidizable matter. 

The weight of dry matter divided by the weight of solution used and the 
quotient multiplied by 100 = per cent of total solids. 

Drying on Quartz 8and .^ — Place 25-30 grams of pure quartz sand that will 
pass a 40-mesh but not a 60-mesh sieve and a short stirring rod in a 60 mm. 
aluminum dish, dry thoroughly, cool in desiccator, and weigh. Then add 
sufficient of the diluted sample to yield approximately 1 gram of dry matter 
and mix thoroughly with the sand. Heat on a steam bath for 15-20 minutes, 
stirring at intervals of 2-3 minutes. Dry at 70® C. in a vacuum-oven, making 
trial weighings at two-hour intervals toward the end of the drying period until 
the change in weight does not exceed 2 mg. As in the method above the drying 
may be at atmospheric pressure in a water oven if the material contains little 
levulose or other decomposable substance. 

In many sugar laboratories it is customary to determine moisture in 
molasses and other low-grade products at 100® O. without vacuum, in spite of 
the proportion of levulose present, using methods similar to the official methods 
given above. The heating time is generally fixed at five hours, no attempt 
being made to heat to constant weight. 

Another drying method is to place the weighed solution directly in the dish 
with no pumice, sand or other inert material. 

A tendency to film over and occlude moisture 
makes such a procedure of doubtful value. 

A Commient Vacuumroven , — Most labora- 
tories are equipped with the ordinary electric 
drying ovens with thermostatic control, but 
electric vacuum-ovens are more costly. A 
steam-heated vacuum oven that can be made 
in the factory machine shop is shown in 
Fig. 92. Two pieces of large pipe (e.g., 8 inch 
and 12 inch) about 20 inches long make a 
convenient size. These should be wdded or 
threaded to a collar at each end to form the 
steam jacket. One end is completely closed 
and the other has an air-tight removable 
door as shown. Connection is made with 
the factory's vacuum system by means of Fig. 92. — ^Vacuum Oven, 
pressure ’tubing. 

248. Spencer Electric Oven for Moisture Beterminafions. — ^The Spencer 
patent electric ov^ was first described in 1921.^ It is made in two sizes and 
is a device for passmg a large volume of air over a heating element and then 

^ Adapted from Official Methods, A. O. A. C. 

7 Spencer: Jour. Ind. Eng. Chem., Vol. 13 (1921), page 70. 
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through a capsule containing the material to be dried. Type A,” used for 
sugars and sugar-containing liquids, is shown with the cover removed in Fig. 
93 and also in section in Fig. 94. The larger size “ B ” will be described in the 



Fig. 93. — Spencer Drying Oven. 


chapt^ on analysis. The aluminum capsules are 3 cm. in diameter 

by 4 cm. in depth and are fitted with a bottom of metal filter cloth to permit 
the air to pass freely. A study of the cross-section drawing will show the path 
of the air over the heating element and through the capsule. The heating de- 
ment is connected m series 
with a sliding contact tube 
rheostat to regulate the tem- 
perature and also with a time 
switch to cut off the current 
at the end of the drying period. 
The current must never be 
turned on imtil after the suc- 
tion is in operation nor must 
suction be stopped while the 
current is on, otherwise the 
heating dement will bum out. 
To prevent this, Dr. Spencer 
devised a vacuum switch (Fig. 
95) which cuts off the current 
when the suction is stopped. 
Moisture in Sugwrs , — ^Four 
Fig. 94.— Cross-Section of Spencer Oven. samples may be analyzed at 

once if desired but in case 
less than four tests are to be made the unused capsule openings are blanked 
off with close-fitting corks. The capsules should be cleaned and dried and 
kept in a desiccator before use. 

To make a test, weigh a dried capsule and then wdgh into it as rapidly as 
posable 6 grams of the wdl-mfeed sugar i^plq. Pboe tbo loaded capsule 
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in its opening m the oven, making sure that the seat is clean to avoid leakage 
of air around the capsule. Blank the unused openings and place the cover on 
the oven; open the suction (preferably 


a connection with a factory vacuum 
line) making sure that the cover fits 
tightly with no air leakage. The cur- 
rent is turned on and all resistance cut 
out so as to raise the temperature as 
quickly as possible to 110® C. As it 
approaches this heat slide the contact 
to a predetermined point and regu- 
late the temperature by small adjust- 
ments of the rheostat. With practice, 
there is little difSlculty in keeping the 
air current adjusted to within one or 
two degrees of 110®. The oven may 
be fitted with a thermostat if desired. 
Twenty minutes is the prescribed heat- 
ing period, although the greater por- 
tion of the moisture is driven off in 
the first five minutes. After drying, 
cool m a desiccator and weigh. 



Fig. 96. — ^Vacuum Switch for Spencer 
Oven. 


Per cent Moisture 


Loss in Weight 

; — ^xioo 


*= Loss in Weight X 20. 


Moisture in Molasses, Sirups, Juices, etc , — ^The Spencer oven may be 
used for the determination of moisture in Kquid products by absorption of the 
material on asbestos.^ Several precautions are necessary to insure con- 
cordant results. The asbestos should be freshly ignited and fluffy; the mate- 
rial should be diluted 1 : 1 (except in the case of juices or other thin solutions) 
so that it will be readily absorbed by the asbestos; not more than 4 ml. of 
liquid should be used, only one test should be made at a time, and the oven 
should be brought approximately to temperature (110®) before the loaded 
capsule is placed in it. 

The procedure is as follows: The capsule is filled with fluffy freshly-ignited 
asbestos loosely packed and the whole heated in the oven at 110® for a few 
minutes, cooled and weighed. The capsule holds about 6 grains of asbestos. 
Using a weighing bottle fitted with a dropping pipette add about 4 ml. of the 
solution to be tested, a drop at a time, to the asbestos, being careful to add it 
slowly so that the asbestos will absorb it. Drop the liquid in the middle of the 
asbestos, not at the wall of the capsule, and allow the capsule to stand for a 
few minutes to complete the absorption. Examine the bottom of the capsule 
and if there is evidence' of the liquid having gone through the asbestos discard 
the test and begin again. The oven is then heated to temperature, the capsule 
placed in position, suction again turned on and the air drawn through the sam- 

^ Meade: Jour. Ind. Eng. Chem., Vol. 13 (1931), p. 924. 
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pie for twenty minutes, temperature being maintained at 110** by rbeodtat or 
thermostat as in the case of sugars. One sample only should be tested at a time 
as it has been found that the air will not distribute itself evenly through 
two or more capsviles, probably due to differences in the packing of the asbestos. 
After removing the capsule from the oven examine the bottom carefully, as 
the liquid sometimes pulls through in case the absorption by the asbestos has 
been faulty. To aUow of the use of a larger volume of asbestos a special 
capsule with flaring sides has been made for testing liquids, but experience has 
shown that, mth the precautions advised for adding the solution to the 
asbestos, the ordinary capsule will serve. 

At the end of the heating period, cool and weigh the capsule as before. 
The calculation for materials diluted 1 : 1 is as follows: 

Weight of capsule and material after drying minus weight of prepared 
capsule » solids in diluted solution. 

Solids in diluted solution divided by weight diluted solution taken X 100 
s per cent solids in 1 : 1 solution. 

100 — (per cent solids in diluted solution X 2) * per cent moisture in original 
material. 


Total Solids by Rebbactombteb 

249. General Principles. — ^Tohnan and Smith’s ^ investigations showed 
that most sugars in solutions of equal percentage composition have the same 
refractive indices, also that Gerlach’s table of Brix hydrometer corrections may 
be used with small error to correct from room temperatures. Main was the 
first to use the refractometer in refinery work. He found that the refractive 
index indicates accurately the content of solid matter in all but low products. 
Geerligs and van West were the first to use the refractometer in cane-sugar 
factories. The table of Tolman and Smith, Main, and Geerligs, after tempera- 
ture correction agree closely with one another. The refractometer is affected 
only by the solids in solution, therefore if the material under examination 
contains insoluble matter this is not included in the estimate of the solids. 
Within its limitations, t.s., in materials containing only soluble solids and a 
small proportion of non-sugars, the refractometer is capable of giving very, 
accurate indications as to the solids contents, usually quite as accurate as those 
by drying. The refractometric results with materials of low purity are usually 
Intomediate between those by hydrometer and actual drying. In spite of 
certain advantages such as rapidity and the small amount of solution required 
for the test, the refractometer has not succeeded in displacing the older methods 
of hydrometm and boMs by drying in general routine work. The cane-sugar 
maker, in order to adopt the refractometer in masseeuite and molasses analy- 
sis, must eompletdy change his idea of the suitable purities. These considera- 
tions and the conditions obtaining in Cuba deterred Dr.' Spencer from applying 

* J. Am. Chem. Soc., 1906, 28, 1476. 

Iht. Sugar Jouni., 1907, 9, 481. 

" Archief, 1907, 16, 487. Abs. in C^em. CmitEritlbl., 1908; ■ 79 (1)^, 300. 
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the refractometer in the factories under his general superintendence of manu- 
facture. 

Three instruments are used in the refractometric estimation of the solids in 
sugar materials, viz.: (1) Abb6 refractometer; (2) immersion refractometer; 
(3) sugar refractometer, a special form of Abb6 instrument. 



Fig. 96. — Abb§ Refractometer (Bausch and Lomb). 


(1) The Abb6 Refractometer (as manufactured by Bausch and Lomb), 
Fig. 96, consists essentially of a polished flint-glass prism E and a ground 
flint-gl^ prism F of index Nd - 1-75, cemented into a metal mounting 
and a compensator consisting of two amici prisms DD. The mounting of one 
of the flint-glass prisms is hinged so that it may be separated from the other. 
A drop or two of the liquid to be tested is placed upon the polished surface 
of the fbsed prism E and the hinged prism is carefully closed against it and the 
instrument is revolved to a convenient position with respect to the light. The 
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light, preferably from an electric lamp, is reflected upon the lower prism, F, by 
the miiTor, G. The prisms are attached to a movable arm, at the left, which 
carries a scale-reader, H, for reading the index scale, I. To set the instru- 
ment, the movable arm is adjusted until the intersection of the reticule of the 
tdescope cuts the line separating the dark from the light portion of the fleld 
the final adjustment being made by means of the screw J. The refractive 
index is then read off the scale with the scale-reader, E. Uniform tempera- 
ture conditions should be maintained by means of a flow of water from a large 
vessel through the tubes, LL, The temperature of the observation should be 
noted and the correction be applied, using the table accompanying that of 
'Geerligs, page 480. The percentage of dry matter corresponding to the indes 
is given in Geerligs’ table. The compensator, consisting of two small prisms 
DD placed in the telescopic tube, serves to eliminate the dispersion produced 
by the prisnos. By rotating the sttipII prisms with respect to each other by 
means of the milled head revolving the scale K the color is removed from the 
field. This compensation is necessary before making the observation. The 
prisms should be cleaned after use with filter-paper dipped in warm water 
and then be dried with soft linen. The instrument may be tested with air- 

free distilled water (index — 1.33298) or with 
standard plates. 

(2) The immersion refractometer is adapted 
to solutions containiog up to 21.7 per cent of 
sugar and is not so well suited to general sugar- 
house work as the instruments (1) and (3) and 
therefore will not be described. Within its. 
range it is more accurate than the other types 
and is quite suitable for juices of the usual 
range of density. Instructions and special 
tables are supplied by the dealers with the 
immersion instrument. 

(3) The sugar refractometer ^ (made by 
Carl Zeiss of Jena), Fig. 97, is a special form 
of Abba’s instrument and has been designed 
especially for use in the sugar industry and 
the oil industry. It has the double prisms of 

97.— Zeiss Refractometer. the Abb6 instrument and differs from this in 
the optical nature of the glass forming the 
prisms, designed by Schonrock, and in having a modified comparator. 

Conatrtictim. — ^The new model consists of a circular casing supported on an 
upright and having rigidly attached to it the hinged double prism which 
receives the sample to be tested. The telescope is almost wholly enclosed 
within the casing, the ocular O only protruding outwards. It is carried by 
a stout radial arm. As in a polarimeter, the eye looks horizontally into the 
ocular, which to this end is mounted at a convenient height above the table. 
To save time in extezusive control work, the double prism is so mounted that 
its mjo&c surfaces are placed horizontally side by side when it is folded back for 
^ Abstracted from Zeiss' instrucdims; 
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cleaning and recharging. The hinge is at some distance from the body of 
the prisms, so as to protect it as far as possible from contact with the tis- 
coxis juices. The image in the eyepiece presents the foUowing appearance- 
In place of cross-lines, the field of view shows a circle with its center marked 
by a small black dot, on the right of it the percentage scale ranging from 0 to 
50 per cent in fifths, thence to 97.5 per cent in tenths of a per cent, every 
integral of percentage being numbered, on the left of it a scale in terms of 
refractive indices (ranging from 1.330 to 1.540). The fact that the reading is 
taken in the field of view ensures a considerable saving of time. The instru- 
ment is equipped with a revolving compensator of the type first appended by 
C. Pulfrich to the dipping refractometer. This compensator is operated'* 
by the rotation of the knurled collar K and a completely colorless boundary 
line is obtainable with sugar juices of every possible concentration. 

Setting up the Imtnmmt, Source of Light — Screw the cylindrical box upon 
the pillar and turn the eyepiece towards you. Then insert the arm of the 
mirror holder into its carrier at the back of the casing so that the mirror is on 
the left. Por occasional measurements an adequate illumination is furnished 
by a bright sky, whilst direct sunlight renders it more difficult to take a read- 
ing. For rotational work affording comparable readings it is better to employ 
a 25 to 50 c.p. filament lamp with a frosted bulb. The latter should be sus- 
pended or, if mounted on a stand, placed behind the refractometer, that is, on 
the side away from the observer. Then give the mirror by trial a position in 
which it will throw a bright patch of light on the upper rectangular aperture F 
of the prism casing. It is only when taking reading by refiected light that the 
beam of light should be made to fall on the lower circular opening. 

Method of Applying the Sample. — ^The first experiments should be made with 
light-colored solutions. The double prism should be opened and one or two 
large drops applied to the polished surface of the fixed prism with a well- 
rounded glass rod or fine tube, without, however, touching the latter as a pre- 
caution against accidental scratching. This being done the prism should be 
closed. 

Setting the Boundary Line. — ^Rotate the collar R until the eyepiece is in its 
lowest position (0 per cent), follow the movement by a small displacement of 
the mirror until the field of view appears bright, and focus the eyepiece sharply 
upon the scale by screwing its moimt in or out. The circle mark will then 
immediately appear sharply defined together with its center, which takes the 
place of the customary cross-lines. Move the eyepiece slowly upwards, fol- 
lowing, if necessary, with the mirror (having only loosely clamped its arm) so 
as to maintain a bright field of view. A point will then be reached when the 
bright field appears traversed by an oblique line parallel to the scale lines, 
beyond which the field is more or less dark. Now proceed to render the bound- 
ary line colorless. To this end turn the collar K of the compensator until the 
boundary line appears colorless and apply a small correction to the eyepiece 
0, in order to set the boundary line accurately to the center of the circle mark. 
The boundary line should remain stationary when the adjustment is tested 
by inclining the mirror. 

Reading the Scale. — ^The boundary line will now indicate on the right the 
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percentage of dry substance, and on the left the refractive indices. The latter 
scale, it wiU be seen, is ruled and figured in terms of the third decimal. For 
example, there are nine division lines between 1.41 and 1.42, i.e., ten intervals 
or units of the fourth decimal. At the time of taking the refractometer read- 
ing the temperature indicated by the thermometer should likewise be noted. 

The Examination of Very Dark Juices . — When examining a very dark 
sample, if the lighter half of the field should be so dark that it becomes imprac- 
ticable to set the instrument accurately to an interval of the scale, recourse 
must be had to illumination by reflected light. To this end the mirror should 
be lowered until it causes the bright light to fall upon the round window T of 
the fixed prism. The intensity relation of the two halves of the field of view 
at once reverses. The upper half, which previously was the darker half, being 
illuminated by the rays which have been totally reflected by the sample, 
appears brighter than the lower half, which, being illuminated by the par- 
tially reflected rays, is stiU relatively bright. The degree of brightness changes 
suddenly from one-half to the other as soon as the compensator has been care- 
fully set in its most favorable position. On the other hand, the boundary 
line upon which the reading is taken can be intentionally blotted out by a false 
position of the compensator. One not accustomed to the use of the instru- 
ment should study the appearance of the boundary line on a light-colored 
sample, which in the first instance he should view in transmitted light, as 
described in art. (c). In the case of very dark oils or juices (molasses) the 
boundary is most easily found by a movement of the eyepiece. 

Examination of Viscous Solutions . — Slightly warm the prisms by circulat- 
ing water through the mounting. Apply the solution to the prism and 
promptly make the observation. 



CHAPTER XXI 


DETERMINATION OF ASH 

250. Choice of Method. — ^A marked change of ideas concerning ash deter- 
minations has occurred during the last ten or fifteen years. The sulphated 
,ash ” was always used for routine work, largely on account of its simplicity, 
but the “ carbonated ” or “ normal ash ” direct incineration) was consid- 
»ered more accurate and the only method to be employed for accurate work or 
investigations. Work by Withrow and others showed the difference between 
the sulphated ash and the ash by direct incineration was much greater than the 
conventional 10 per cent usually deducted to reduce the sulphated ash to the 
normal ash. Withrow and Jamison ^ found that for the Cuban raw sugar used 
in their experiments 33.25 per cent was the correct deduction. Dr. Spencer 
had a series of determinations made by the two methods of the ash in final 
molasses from several Cuban factories and found that the sulphated ash ranged 
from 17 per cent to 31 per cent higher than the normal ash. These and many 
similar investigations led to the conclusion that the sulphated ash was too 
unreliable for use, and recommendations were made to the Assn, of Official 
Agricultural Chemists and in many of the journals that its use be discon- 
tinued. 

A complete reversal of ideas occurred through the publication by Browne 
■and Gamble ® which proved that -the direct incineration method is the unre- 
liable one of the two, because of the loss of chlorine, sulphur and other constit- 
uents to a varying and uncontrollable degree. Lunden ^ also concluded that 
the sulphate method gave the more correct measure of the ash. It is now gen- 
erally recognized that neither method gives the absolute measure of the salts 
present but that the sulphated ash is a relative measure of the salt content 
which is reproducible in check tests. For this reason all work with conducti- 
metric ash has been with a view to checking the sulphated ash. 

251. Sulphated Ash Method.—Weigh 2 to 5 grams of the material into a 
50-100 ml. platinum dish (amounts of sample to be taken will be specified in 
chapters dealing with analysis ot specific products, t.e,, juice, molasses, sugars, 
etc.), add 0.5 ml. of concentrated sulphuric acid, heat gently until the sample 
is wdl carbonized and then heat in a muffie at low red heat tmtS all carbon is 
burned off. Cool and add a few drops more, of sulphuric acid, heat until this 
is fully volatilized, cool and weigh. Withrow and Jamison ^advocate the 

^ Ind. and Eng. Ch^. Vol. 15 (1923), No. 4. 

® Facts about jSugar. December 15, 1923. 

® Z. Ver. deut. Zuckeriixd. Vol. 76 (1926), p. 774r 

^ Lee, cit. 
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use of sulphuiic add diluted 1: 1. They found porcelain crudbles suitable 
for this work but objected to fused silica as giving low results. 

The A. 0. A. C. spedhes that the weight of ash found shall be recorded 
without any reduction as sulphated ash. The usual practice in sugar work is 
to deduct 10 per cent. Obviously either procedure may be adopted provided 
it is followed condstently for all products. The work on conductimetric ash is 
all calculated to check sulphated ash with the one-tenth deduction. 

252. Direct Incineration, “Normal” or “Carbonated” Ash. — ^Weigh 
out the sample as above and heat slowly until swelling ceases. (The addition 
of a few drops of pure olive oil is advocated by the Assn. Official Agricultural 
Chemists.) Then heat in a muffle at low redness (Withrow says 500® C.) until 
a white ash is obtained; moisten with a little ammonium carbonate and again 
heat in muffle at low red heat. As stated above the method is used only in 
investigation work and is difflcult if not impossible to check. 

It is difficult to bum sugar or sugar-house products to obtain a large quan- 
tity of the carbonated ash for complete analysis. The usual method is con- 
ducted as follows: The material is heated in a large platinum dish until it takes 
fire and the fiames bum out. It swells greatly and is difficult to confine to the 
dish. (Pure olive oil or vaseline may be added to reduce this danger.) After 
the material has been sufficiently charred, it is transferred to a glass mortar 
and is rubbed to a powder. The powder is washed upon an ashless paper filter 
and is thoroughly erlaracted with hot water. The fitrate is reserved for fur- 
ther treatment. The filter and insoluble matter are returned to the platintun 
dish and are completely ashed. The filtrate is now evaporated to dryness in 
the platinum dish and the dish and contents are then heated to low redness to 
bum off any remaining organic matter. The complete analysis of the ash so 
obtained is carried out according to the accepted methods of quantitative 
analysis. 


Electrombi^ic Ash Detebsohationb ^ 

253. Introductory. — Some time after Arrhenius’ fundamental investigations 
on the electrical conductivity of salt solutions containing non-electrolytes, the 
conductivity of sugar products and its relation to their ash content was studied 
in Europe by several investigators (about 1909-1910) . Then the subject rested 
a number of years, and interest in it has only lately been revived by the work of 
Snell ® on maple products, by Lunden ® and by Toedt ^ on beet products, and 
by Zerban and Mull ^ and Zerban and Sattler * on cane products. 

The advantages of electrometric ash over the chemical method lie chiefly in 
its speed and accuracy and simplicity. 

^ Abstracted from descriptionfl' supplied by Drs. Zerban and Sattler. 

^ Jour. Assoc. Official Agr. Chemists, 4 , 436 (1921). 

* Cent. Zuckerind. 38, 204 (1925); Z. Ver. X>eut. Zuokerindi 75, 763 (1925). 

^ Z. Ver. l^eut. Zuckeiind., 75, 429 (1925). 

B Facts About Sugar. March 20, 1926. 

* Facts About Sugar, Dee. 4, 1926; Oct. 8, 1927; July 21-28, 1928. 
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The results as determined mth high-class apparatus are comparable in 
accuracy \vith sulphated ash determinations made under most exacting 
research conditions, and may be made in about one-tenth the time. Conduc- 
tivity measurements are particularly useful in refinery investigations of ash 
adsorption by boneblack. 

The analysis of sugar for ash by the electrometric method is based on the 
fact that distilled water is an exceedingly poor conductor of electricity, as is a 
highly purified solution of sucrose. Soluble mineral impurities, as well as 
organic salts, which are foimd in raw sugar, break up in water solution into 
electrically charged particles called “ ions ” and as the ease with which elec- 
tricity passes through a solution depends upon the relative amounts of the 
ions present, it is possible to estimate the percentage of mineral matter or 
“ ash ” in a sample of raw sugar by determining the conductivity of its solu- 
tion. Resistance is the inverse of the conductivity, and it is the resistance of 
the test solution that is actually measured. 

254. Method . — Determination of Cell Constant . — ^The first step necessary 
in the operation of the sugar ash bridge is the determination of the cell con- 
stant for the cell in ques- 
tion. This factor changes 
from cell to cell, as well as 
from time to time in the 
same cell. Whenever the 
celL has been changed or 
cleaned or in any way tam- 
pered with, the cell con- 
stant must be redetermined. 

Using a bridge specially 
designed for sugar work, 
no calculations of the cell 
constant is necessary, as 
this is done in effect by 
the bridge itself.^® (The 
apparatus shown in Eig. 

98 is the Leeds and North- 
rup “ Sugar Ash Bridge.”) 

In the determination of 
the cdOL constant; the resist- 
ance dial is set to the the- 
oretical calculated resistance of the standard ECl solution, (either N/50 or 
N/lOO), the temperature compensating dial is turned to the temperature 
corresponding to the thermometer reading, the current is switched on (alter- 
nating current is essential) and the cell constant dial is adjusted untH the sys- 
tem is in equilibrium as ^own by the galvanometer. The value thus found 
is the cell constant^ and the dial is locked at this setting so that the instrument 
reads in true reciprocal ohms at any subsequent setting. 

10 For directions oonceming the assenabling of bridges and cells, consult original 
articles by Zerban and his associates. 
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De^eminaiian of Coiiductivity of Solution. — ^Twenty-five grams of a well- 
mixed sample of the sugar is washed into a 600 ml. fiask with conductivity 
water, dissolved, and then poured into the cell up to the “ 40 mark after 
several rinsings with the solution. The cell constant dial being locked in the 
proper position, the temperature adjusting dial is turned to the temperature 
indicated, and the resistance dial is then rotated until the galvanometer shows 
zero deflection. The instrument now reads specific conductivity of the solu- 
tion. 

CdknLation of the Aeh . — ^The percentage of sulphated ash is calculated by 
means of the equation, per cent ash — C X X, where K is the conductivity, 
and C a constant. This constant is widely variable according to districts, as 
well as to difierent centrals in the same district, and must be determined by 
each factory for its own sugar. The best way to determine ash is to construct 
a curve, made by the chemist from a number of representative samples of the 
sugar, plotting conductivity (as experimentally determined) against sulphated 
ash, minus one-tenth (also as experimentally determined). The value of 
C for the above equation for different localities is shown in the following table: ^ ^ 


Camaguey, Cuba 1743 

Habana, Cuba 1730 

Matanzas, Cuba 1755 

Oiiente, Cuba 1796 

Pinar del Rio, Cuba 1689 

Santa Clara, Cuba 1765 

All Cuba 1767 


British West Indies 1560 

Santo Domingo 1802 

Philippines 1816 

Porto Rico 1672 

Hawaiian Islands 1630 


As can be seen from the above table, the factor differs widely for different 
grades of sugar, and also differs widely for different factories in the same local- 
ity, but if the factor for any particular factory is determined as suggested 
above, it will be found to be entirely satisfactory, giving consistently correct 
results. In the case of refineries continuously mdting certain marks, or in the 
case of a central laboratory analyzing sugars from several factories, a curve 
would be made, or the factor determined, for each mark. 

Add Conductivity Method . — ^The discrepancies in the value of the constant 
as shown above is due, among other things, to the variation in the composition 
of dissolved salts. This has been studied by Battler and Zerban^* and they 
have worked out a method whereby this factor is eliminated, and the ash can 
be calculated from the equation 

Per cent ash * 0.0001767 X (9.13 K + 1935 - Ki\ 

where K is the conductivity of the sugar solution, determined as described 
above, and Ki is the conductivity of the sugar in acid solution. When 
the ash is determined by this method, the usual discrepancies attendant 
to the first method are not found, and the equation can be used for aU classes 

Zerban and Sattler. Facts About Sugar. Dec. 4, 1926. 

^^Loc. dt. 
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of sugar with negligible variations between the calculated results and the ex- 
perimental chemical ash. 

In this method, the solution is prepared in the same way as in the single- 
conductivity method, and the first (water) conductivity is made in the same 
way* Then a 200 ml. portion of the solution (25/500) is introduced into a 
Kohlrausch flask, 5 ml. of N/4 HCl, accurately measured, are added, and the 
flash shaken to thorough mixing of the contents. This solution is then placed 
in the cell, and the conductivity is again determined. These two conduc- 
tivities are inserted in the equation, and calculated to per cent sulphated ash. 
In setting the temperature compensating dial on the L. & N. Sugar Ash Bridge 
for readings ‘‘ with acid,” the settings must be slightly changed as follows: 


Temperature of solution 20 ® 22.0® 24.0° 26.0° 28.0° 30.0° 

Correct dial setting 20° 21.5° 23.1° 24.6° 26.2° 27.7° 


The hydrochloric acid (N/4) used must be very carefully adjusted as to 
concentration. Titration against standard alkali by the use of indicators is 
not accurate enough for this purpose. It is best to control the strength of the 
acid by its specific conductance. A mixture of 200 ml. of conductivity water 
and 5 ml. of the acid used in this work should have a corrected specific con- 
ductance of 0.002370 at 20° C. Care must be taken to cleanse the electrodes 
thoroughly after measuring the solutions containing the acid. This is best 
accomplished by washing once with dilute pure methyl alcohol, about 20 per 
cent by volume, and then rinsing with water. 

256 . Conductivity Water. — The first distillation should be made over 
alkalme potassium permanganate in any convenient still after which the water 
is redistilled in a P 3 n*ex flask using a condenser of block tin. Usually, after 
the first still has been in use for some time, the water issuing therefrom will be 
found to have a specific conductance equal to the redistilled water, namely, of 
about 1.2 to 1.4 X 10 When this state exists, the redistilling may be dis- 
continued, as water of lower conductivity deteriorates rapidly, and besides, 
this conductivity is quite good enough for this type of work. 
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256. Advantages of H-ion Control.— The colorimetric determination of 
hydrogen-ion concentration (pH) as a measure of the ructions of juices, 
sirups and other sugar solutions has become an essential part of the control in 
most cane sugar factories and refineries. It has many advantages over the 
old system of test papers and tirations; most important of which is that 
hydrogen-ion concentration is the measure of the int&mty of the acidity or 
alkalinity whereas the older methods measured only the qmntity of acidity or 
aMinity. Since the sucrose inverting power of an acid is a direct function of 
its degree of dissociation {ue,, of the amount of hydrogen-ions in solution) the 
importance of this advantage in the sugar industry cannot be too greatly 
stressed. In fact, this relationship is so exact that the rate of inversion of 
sucrose has been used as a measure of the H-ion concentration of bio-chemical 
solutions.^ Another advantage of the pH control is the simplicity of the 
colorimetric determination. Unskilled workmen can readily be trained to 
xnake the test, and the numerical expression, or pH number, is easily under- 
stood by them. The fact that the test is as accurately carried out by artificial 
light as by daylight is an added advantage over test papers and titrations. 

257. Theory of Hydrogen^on Concentration.— No theoretical knowledge 
of the subject is necessary to the use of colorimetric methods but a concise 
statement of the principles involved is here given. In all aqueous solutions 
it has been proved by electrometric measurements that the product of the 
hydrogen-ion concentration (H+) and the hydroxyl-ion concentration (OH-) 
always equals a constant. 


(H+)(OH-) 


1 « 10-14 

100,000,000,000,000 


. . ( 1 ) 


Therefore, no matter what the concentration of hydroxyl-ions in the solu- 
tion, there must be sufficient hydrogen ions to satisfy the equation, so that we 
are able to speak of the hydrogen-ion concentration of alkaline solutions, since 
by so doing we are also stating indirectly the hydroxyl-ion concentration. 

The direct expression of hydrogen-ion concentration gives a series of 
unwieldy fractions and to avoid these Sorensen in 1909 suggested the use of the 
logarithm of the reciprocal of the H-ion concentration, which be found to be a 

1 ** The Determination of Hydrogen-ions.” dark, p. 296. 
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functioii of the potential of the hydrogen dectrode in detennining hydrogen- 
ion concentration electrically. The equation 


pH 



( 2 ) 


where (H+) represents the concentration of H-ions in gram-atoms per liter, 
defines H-ion concentration quite as well as (H-|-) itself. As pH is the logarithm 
of the reciprocal of a power of 10, it follows that it equals numerically the 
exponent or power to which 10 is raised. For example, in absolutely pure dis- 
tilled water the H-ion concentration and the OH-ion concentration are 
exactly equal and since according to equation (1) the product of the two must 
be 10“^* the concentration of each must be 10“^. Hence by equation (2) 

pH = log ” — and since log = 7, pH *= 7.0 which represents neutrality 

on the pH scale. 

If the H-ion concentration exceeds the OH-ion concentration the solution 
is acid and the pH number is below 7.0, while if the reverse is true — i'.e., if there 
are more hydroxyl-ions than hydrogen-ions in the solution — ^the solution is 
alkaline and the pH is above 7.0. Thus it is seen that the pH numbers form 
an acidity-alkalinity scale in which the lower the pH the higher the hydrogen- 
ion concentration (the pH numbers being reciprocals of H-ion concentration.) 
From this it follows that below 7.0 the lower tJie pH the greater the intensity 
(or inverting power) of the acid, while above 7.0 the alkalinities increase with 
the increase of pH, since the hydroxyl-ion concentration increases with the 
increase of the pH (i.e., with the decrease of the H-ion concentration). An- 
other point to be remembered is that the pH scale is a logarithmic scale, repre- 
senting the powers of ten, and that therefore an acid solution of 5.0 pH, for 
example, would have ten times the sucrose inverting power of one of 6.0 pH 
while a solution of 4.0 pH would have 100 times the inverting power of the 6.0 
pH solution. Similarly, a solution of 9.0 pH would have ten times the inten- 
sity of alkalinity of one of S.O pH, while one of 10.0 pH would be 100 times as 
alkaline, etc. 

Buffer Action and Buffer Solutions , — Clark * defines buffer action as “ the 
resistance exhibited by a solution to change in pH through the addition or loss 
of acid or alkali.^’ Buffer action is dependent on the nature and concentration 
of the constituents of the solution; on the nature of the acid or alkali added to 
the solution to effect the change in pH; and on the pH region where the buffer 
action is measured. The reader is referred to standard treatises on the sub- 
ject for a full exposition of the theory. Sufficient to say that the solutions 
encountered in cane sugar factory control show buffer action to a high degree, 
and most of the refining materials are similarly buffered. However, solutions 
of pure granulated sugar show no buffer action at aU while high-grade char 
filtered liquors are only slightly buffered. 

For the colorimetric determination of H-ion concentration standard solu- 
tions of known pH called “buffer mixtures” must be employed. Buffer 
mixtures are buffer solutions (generally consisting of weak acids and salts of 

* Log, dt, p. 40. 
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weak adds or nuxtures of both) of such definite composition that they can 
easily be reproduced, and whose pH value has been accurately determined by 
deotrometric measurements. Elaborate studies by many investigators have 
been made in developing buffer solutions of known pH, a notable example 
being the series of Clark and Lubs which rise in increments of 0.2 pH from 2.0 
to 10.0 The solutions for making these up are now obtainable from 
cbflmicfll supply houses or the standard buffer solutions themselves may be, 
purchased ready-made at reasonable rates. 

258. Colorimetiic Determination of pH . — Basis of the Test — ^The colori- 
metric determination of pH depends upon the fact that certain indicators have 
a transition interval in which the color varies with changes in H-ion concen- 
tration. The test is made by comparing the color of the solution to be tested, 
to which has been added a known amount of a suitable indicator, with a series 
of buffer mixtures of known pH carrying an equal amount of the same indi- 
cator. The materials required for the tests are (1) standard solutions of 
known pH, (2) suitable indicators of proper strength, (3) test-tubes of clear 
glftHg of Ifi mm. diameter by 120 mm. length, and (4) a color comparator to 
facilitate matching test solution and standards. 

Standard Solutions . — ^For the preparation of the buffer mixtures the fol- 
lowing solutions are needed; M/5 NaOH, M/5 potassium acid phosphate and 
M/5 ^lic acid and potassium chloride; all of which are best purchased ready 
prepared. The standard buffer mixtures from pH 5.8 to pH 9.0 are made as 
follows:® 


Composition op Buppeb Standabds at 20® C. 


pH 

Milliliters, 

M/ 5 KH 2 PO 4 

Milliliters, 
M/5 NaOH 

Milliliters, 

M/5H8BO3 

Milliliters, 
M/6 KCl 

6.0 

50 

6.70 



6.2 

50 

8.60 



6.4 

60 

12.60 



6.6 

60 

17.80 



6.8 

60 

23.65 



7.0 

50 

29.63 



7.2 

50 

35.00 



7.4 

50 

39.50 



7.6 

50 

42.80 



7.8 


2.61 

50.0 

60.0 

8.0 


3.97 

50.0 

60.0 

8.2 



5.90 

50.0 

60.0 

8.4 


8.60 

60.0 

50.0 

8.6 


12.00 

60.0 

50.0 

8.8 


16.30 

50.0 

60.0 


Make to 200 xoilliliters 


® Clark, p. 107. 
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The buffer solutions can conveniently be stored in 250 ml. reagent bottles 
with a one-hole rubber stopper carrying a 10 ml. pipette. By providing each 
bottle with its own pipette it is not necessary to waste solutions to rinse the 
pipette.-* 

The average laboratory will find it more satisfactory to purchase the buffer 
mixtures ready-made, the series ranging from 6.0 to 8.4 being those most gen- 
erally needed in routine factory or refinery control. 

Indicators * — ^The indicators for routine use are: 

Brom-thymol blue 0.04 per cent solution, pH range 6. 0-7. 6 

Phenol red 0.02 per cent solution, pH range 6 . 8^ . 4 

Cresol red 0.02 per cent solution, pH range 7. 2-8. 8 

The preparation of these dyes according to Clarke follows: 

Grind the amount of the pulverized dye given in an agate mortar with the 
number of ml. of N/20 NaOH shown. 



Gram, Dye 

Milliliter, 
N/20 NaOH 

Make to 

Brom-thymol blue 

0.4 

14.1 

1000 ml. 

Phenol red 

0.2 

12.5 

1000 mL 

Cresol red 

0.2 

11.7 

1000 ml. 



Schlegel and Steuber recommend storage of dye solutions and buffer mix- 
tures in glass-stoppered Pyrex glass bottles.® They object to paraffin for 
sealing as ordinal paraffin has an acid reaction. Their findings as to varia- 
tions in the reaction of purchased dye solutions are in accord with the experi- 
ence of the present writer (G. P. M.), and the preparation of the dyes in the 
laboratory is recommended rather than the purchase of the ready-made solu- 
tions. 

Standard Color Tubes * — ^Add 10 ml. of each of the standard buffer mix- 
tures from 6.0 to 7.6 pH to separate test tubes after which 0.5 ml. (accurately 
measured) of the brom-thymol blue indicator is added to each tube. Corked 
and sealed with sealing wax these tubes constitute the color standards for the 
brom-thymol blue range. Similarly, tubes containing 10 ml. of each of the 
standard buffer mixtures from pH 6.8 to 8.4 are prepared and 0.5 ml. of phenol 
red indicator added to each to make the phenol red standards. Cresol red 
standards range 7.2 to 8.8 may be used instead of phenol red. 

For this purpose Pyrex test tubes of 15 mm. diameter by 120 mm. length 
having approximately the same bore should be thoroughly cleaned and rinsed 
with distilled water bkore filling. Corks should be boiled and thoroughly rinsed 
before inserting. The addition of a drop of toluene to each standard to pre- 

^ Laboratory Methods, Cuban Sugar Club, 2d Edition, Havana, 1925. 

® Ind. Eng. Chem., May, 1927. 
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vent mould has been recommended. Standards so prepared will last three to 
four weeks in routine use, or longer if protected from heat and light. 

Ready-make color standards in sealed ampoules may be purchased which 
are fairly constant for several months if kept in a cool place but they deteriorate 
rather rapidly when ejcposed to light and routine control conditions. A set 
of purchased standards may be kept for reference. As will be described later 
non-fading glass standards are now obtainable. Standards may also be 
made with suitable mixtures of metallic salts. 

The following mixtures have been found to match Brom-th3anol blue 
standards very closely when viewed against '^artificial daylight”: 

Stock Solution “A” — ^Blue— pH 7.6 
24.6 grams CuSOi-SHaO 
2.2 grams Ca(N03)2-6H30 
Make to 100 ml. with distilled water 

Stock Solution “B” — ^Yellow— pH 6.0 
0.45 gram CuS04«5H20 

1.7 ml. "10 per cent solution H2PtCl8” (containing 2.1 grams 
H2FtCl6 per 10 ml. of solution as used in the Lindo-Gladding Method 
for fertilizers). 

Make to 100 ml. with distilled water 


Intennediates are prepared from mixtures of stock solutions "A” and "B” 
as follows measuring from a burette. 


pH 

Sol. "A” 

Sol. "B” 

H2O 

pH 

7.6 


0 

0 

7.6 

7.4 

8.6 

1.4 

0 

7,4 

7.2 

7.2 

2.8 

0 

7,2 

7.0 

4.4 

3.6 

2.0 

7.0 

6.8 

2.4 

4.9 

2.7 

6.8 

6.6 


6,2 

2.1 

6.6 

6.4 


9.1 

0 

6.4 

6,2 


9.7 

0 

6.2 

6.0 

1 0 

10.0 

0 

6.0 


Comporofor.®— A convenient comparator is shown in Kg. 99. It con- 
sists of a sliding tube rack carr3dng alternate tubes of distilled water and color 
standards and a metal frame or cover with suitably arranged apertures for 
comparing the colcnrs. Immediately in front of the sliding rack are sockets 
for two removable tubes for the solution to be tested, spaced the same distance 
as the tubes in the rack. Ordinary daylight, or any of the artificial daylight 
lamps serve as a light source, the simplest arrangement being to place a white 
^ Meade and Baus. The Hanter, June 27, 1925. 
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surface at 45® bdiind the apertures and hang a shaded Mazda “ daylite '' 
globe above this. 

Procedure of Test — ^Test tubes of the same bore as those used for the color 
standards but 160 mm. long are used for the test solutions and those tubes for 
convenience should be marked for 10 ml. (marking in laboratory with Dia- 
mond Ink ”), 15 ml. and 20 ml. If the solution to be tested is not to be diluted, 
10 ml. is measured into each of two tubes, 0.5 ml. (accurately measured) of 
indicator added to one of these and the dye and solution mixed by rotating 
the tube or by a stirring rod or by closing the tube with a clean cork and 
shaking. Under no circumstances should the tube be dosed with the fnger 
or hand because of the adverse effect of the acid perspiration. The tube con- 
taining the dye solution is placed before the left-hand aperture, the blank 
before the other aperture and the rack moved back and forth until the standard 
to match the test sample is behind the blank solution. Thus any color and 
turbidity in the blank solution is added to the color of the standard and com- 
pensates for the color and turbidity in the test solution, while the tube of dis- 
tilled water behind the test solution compensates for the water in the blank.^ 



Fig. 99. — Color Comparator for pH Determinations. 

Workmen of ordinary intelligence can be trained to make a test with this 
comparator to 0.1 pH. 

Most investigators say that dilution has little or no effect on the pH of all 
but the purest solutions encountered in sugar work (e.p., high-grade refinery 
liquors and solutions of granulated sugar) while others ^ow that dilution is to 
be avoided. For colorimetric purposes the best practice lies somewhere between 
these two extremes. A moderate dilution (1 : 3 or 1 : 5) with distilled water has 
not been found to affect H^he results in such solutions as washed sugar liquor or 
pan house sirups in the refinery or of limed and clarified juice, sirup (meladura) 
and press juice in the cane house. This dilution minimizes the disturbing 
effect of color and turbidity, and adherence to a fixed dilution gives comparable 
results at all times. The use of kieselguhr and filter papem i^ould be avoided, 
Filter-Cel is acid and “ Hy-Flo ” Filter-Cel alkaline, while all ordinary labora- 
tory filter papers are acid. 

A 1 : 3 dilution can easily be effected in routine control by having test 
tubes marked at 10, 16 and 20 ml. Distilled water is added to the 15-ml. mark 
then the sugar solution to 20 ml. and the two mixed by pouring from one tube 
to another. the mixture is then poured back in the first tube, 0.5 ml. of 

» Walpole. Biochem, Jan, 6 , 207 (1910). 
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indicator dye added and the comparison made as before. The measurement 
of the 0.6 ml. of indicator solution can conveniently be carried out by the Koch 
measuring pipette arranged as shown in Fig. 100. The soda-lime tube attach- 
ment prevents contamination by the CO 2 of the air. Solutions should be 
tested at or near room temperature as the pH is quite markedly affected by 
differences in temperature. 

A further simplification of the above procedure has been devised by the 
writer (G. P. M.) for use by the blowupsmen in refinery control. Phenol red 
dye is diluted with neutral water until each 7.6 ml. contains 0.5 ml. of the 
standard dyer (66.6 ml. phenol red 0.02 per cent : 1000 ml, 
distilled water.) 

Test tubes marked at 7.5 ml. are used, to one of which is 
added the diluted dye, to the other any clean tap water; after 
which a 2.5 ml. (approximately) measure of material to be 
tested is added to each tube. Clean corks are placed in the 
tubes, the solutions shaken' and the readings taken in the 
comparator as before. This method does away with the use 
of neutral water and with the necessity of accurate measure- 
ment of the dye by unskilled workmen and reduces possibility 
of contanodnation to a minimum. Tap water is used^ for 
rinsing tubes and corks. The diluted dye keeps for two or 
three days but is best made up daily in the laboratory. Con- 
stant checks by regular laboratory methods have proved this 
simplification to be thoroughly reliable. 

Sjfot Test. — As described by Brewster and Raines ® “ this 
consists of adding one drop of the appropriate indicator solu- 
tion to three drops of the test liquid contained in the depression 
of a porcelain spot plate. The color developed in the test 
spot is matched with similar spots made by adding a drop of 
the same indicator to three drops of a standard buffer solution. 
Fig. 100. standard buffer which matches the test solution 

Koch Kpette in hue is the same as the pH of the test solution.” 
for pH Dyes. This method is no longer in general use as it has no ad- 
vantages over the color comparator methods using fixed 
standards. The disadvantages are obvious, the greatest of which, namely 
the necesaty of making “ spot ” standards for each test has been overcome 
by the Hawaiian Sugar Planters Association by the adoption of spot color 
standards made by means of dyes on celluloid.® This has the advantage of 
doing away entirdy with standard buffer solutions, but it does not com- 
pensate for the color and turbidity of the test solution. Cook later re- 
ported on a comparison between a thousand tests by this method and by 
potentiometer and showed that in general agreement was within 0.2 pH, 
more reliable results being obtained with dilution of juice 1 : 3 than on 
undiluted juice. Some wide differences were noted, particularly m the upper 

® The Planter. Sept. 9, 1922. 

® H. A. Cook. Facts About Sugar, June 20, 1926. 

^ mt. Sug. Jour. Vol. 29 (1927), No. 348. 
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range of brom-thymbl blue, but these were obviated by using phenol red and 
eresol red for pH 7.2 to 7.6. 

Test Papers, — In Europe test papers made of eresol purple, bromthymol 
blue, coralling and phenol red have been indorsed by Prinsen Geerligs and 
Dr. Herzfeld as being simpler than American colorimetric practice, but 
these have not found favor on this side of the water. 

Helige Comparaior with Glass Color Standards. — ^This is shown in Pig. 101. 
Each indicator dye has a separate color disk similar to the one shown to the 
right of the comparator, in which are 
arranged eight or nine permanent glass 
standards made from solid glass, non- 
fading. The test is made as described 
before using a blank in one of the 
square tubes and the test solution 
with 0.5 ml. of dye in the other. The 
proper color disk, inserted in the instru- 
ment, is rotated until the color of the 
glass and the test solution match, when 
the pH is read in the small aperture on 
the right front face of the comparator. 

To facilitate matching a prism is placed 
in the eyepiece which brings the two 
colors together in the halves of a circle, similar to the held of a polari- 
scope. 

Care must be taken to use only correct daylight (either real or artificial) 
for this instrument; otherwise the color disks will not match the dye solu- 
tions. 

“ Neutral ” Waler or Dawson ” Water. — Distilled water is always acid, 
ranging from 6.0 to 6.4 pH depending upon how recently it has been boiled. 
The pH is so sensitive to absorbed CO 2 that a drop in pH of several tenths 
may be effected by pouring recently boiled distilled water from one test-tube 
to another. 

So-called “ Dawson ’’ water^® or “ Neutral water may be made by double 
diatilling water and then boiling off one-third of the volume after which it is 
stored in Pyrex containers, fitted with a soda-lime tube or kept from contact 
with air. Schlegel and Steuber^® found this water to be a reliable reference 
standard for the preparation of bromthymol blue solutions. The water will not 
keep its neutral character in ordinary routine determinations. An ordinary 
distilled water is satisfactory for dilutions for most sugar-house and refinery 
materials. 

Sources of Error in Colorimetric Determinatioris. — Certain obvious errors 
are to be avoided such as the use of tubes of different bores; inaccurate 
measurement of indicator dye; working with hot solutions; contamination of 
tubes or solutions by contact with hands; failure to rinse tubes before Tna.ldng 

Int. Sug. Jour. Vol. 27 (1925), No. 317. 

^®L. E. Dawson, Jour. Phys. Chem. Vol. 27 (1921), 551. 

Loc. cit. 
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test. The greatest' possibility of eorror is in the use of color standards that have 
faded because of exposure to light, heat or air. 

Much greater precautions must be exercised in testing unbuffered or slightly 
buffered solutions. Here exposure of test solutions to CO 2 of the air, minor 
variations of reaction of dye solution itsdf ; use of other than ** neutral ” 
water for dissolving or diluting; and excessive dilution, may all cause such 
wide variations as to vitiate the value of the test completely. 

269. Electrometric Determinations. — ^Electrometric methods of deter- 
mining pH using the potentiometer are somewhat complicated for use in 
routine work, though they will always be the basis of standardization for the 
other method. Balch and Paine speak of the hydrogen electrode as “ a 
tool for the research chemist.” The quinhydrone electrode is of simpler 
technique and its use in automatic recording of pH is described elsewhere 
. (40). Several complete potentiometric outfits are on the market, the one 
shown in Kg. 102 being made by Leeds and Northrup.“ This indicator 



Fig. 102. — ^Electrometric pH Apparatus. 


consists of two essential 
parts — ^the standardizing 
system and the operating 
system. The standardiz- 
ing system consists of a 
Wheatstone bridge in one 
arm of which the stand- 
ard is connected, another 
arm contains a fixed resist- 
ance, while the third and 
fourth arms are formed 
by a variable resistance. 
The null point indicating 
galvanometer of a highly 
sensitive type, is bridged 


across the system from the swiagiag arm of the resistance to the contact point 


between the standard cell and the fixed resistance. Power for operating the 


bridge is derived from a single dry cell battery of about 1 to li volts. 


The operating system is similar to the standardizing system; in fact, it is 
the same system except that a special quinhydrone cell is substituted for the 
standard cell. The quinhydrone cell has two parts. One part is a standard 
calomdl half cell, com|>osed of a platinum electrode dipi)ing into a layer of 
mercury in contact with calomel and satmated potassium chloride. The 
other part is a gold electrode. Both electrodes can be mounted on a regular 
laboratory support so they dip into the unlmown solution. 

To standaniize the potentiometer, press the plug switch located just to 
the left of the galvanometer scale. This closes the Wheatstone bridge circuit 
throu^ the stodard cell which is mounted within tiie box. The needle of 
the galvanometer is brou^t back to zero by rotating the knurled knob which 
controls the variable resistance, after which operation the plug switch is 
released. 

w The Planter. October 31, 1925. 

From description supplied by makers. 
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The potentiometer is ready for a determination and need not be reset? 
except for an occasional check. To make a pH determination of an unknown 
solution, the calomel cell and electrode are mounted on an apparatus support 
so that the ground glass and gold electrode are completely immersed in the 
liquid in a small beaker. A wire is rim from the binding post, (marked Q) at 
the front of the box and dipped into the mercury of the gold electrode. Sm- 
other wire is nm from binding post (marked C) to the calomel ceU. Quin- 
hydrone is then stirred into the solution until saturated. However, as it is 
very slightly soluble, only a small quantity is necessary. 

The solution is then stirred and the plug switch, just at the right of the 
galvanometer scale, is pressed, closing the bridge through the quinhydrone- 
calomel cell circuit. The needle will then swing to the right or left, depending 
on the hydrogen ion concentration of the solution. The knurled knob on the 
right is then rotated until the needle returns to zero, and the reading noted 
on the scale just in front of it. The setting should be checked several times 
as it takes about one-half minute for the system to come to equHibrium. 
Take the solution temperature with a mercirry thermometer and with these 
data, read directly the pH value from the graph curves supplied with the 
instrument. 

The approximate pH range of the L and N Indicator is 1 to 9. ^ Above a 
pH of 9 the hydrogen electrode should be substituted for the quinhydrone 
electrode. 
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stirred. When the asbestos has partly settled a slow stream of water is allowed 
to flow upward through it to carry off the fine, aJmost colloidal material and 
leave the fibcar. The vessd is plac^ in a sink and the flow allowed to continue 
about forty-eight hours. Very little attention is reqtiired once the flow is regu- 
lated so not to carry off an excessive amount of fiber, A few times a (toy 
the flow is stopped and the mixture stirred to loosen the fine material. After 
settling somewhat the flow is again started. 

At the end of the washing period, most of the water is removed by suction 
throu^ an inverted filter made by tying a piece of fine cloth over a Gooch 
adapter or other form of tubing and connecting with the vacuum pump. The 
asbestos is finally poured on a Buchner funnel under vacuum and the excess 
water pressed out with a pestle or flat glass stopper. It is then (digested 
twenty-four hours on the steam bath with 2 liters distilled water, 200 cc. 
strong HCl and 70 cc. strong HNOa. The now perfectly white fiber is filtereci 
on the Buchner again and washed $ or 10 times with bofling distilled water, an 
effort being made to drain off as much as possible at each washin^y suction 
and pressing upon the pad. It is easy to get rid of the acid. The fiber is 
dried at any teniperature from 100 to 120® C. and bottled for use. 

Preparation of Optical Filtrates , — ^More stable optical fiitrates are obtain- 
able if the final solid content is 60 to 65 Brix instead, of 65 Brix as recom- 
mendeci by Peters and Phdps. In the case of sugars a quantity is weighed 
^proximately to furnish the desired volume at the desired Brix. For example, 
if 250 grams of solution are desired, 150 nams of sugar are weired, trans- 
ferred to an Erlenmeyer flask and the whole (with stirring rod) roughly tared 
and partially immemed in water at 66°-70® C. Boiling distille(rwater is 
added to the sample in small quantities at a time with thorough mixing. The 
iemperatine and the mixing hasten solution and at the same time a hi^ Brix 
is maintained. This is the essential feature of solution since it appears that 
high sugar concentration stabihzes the colloids and prevents their coagulation 
lato. In other words, sugar at higdi concentration acts like a protective col- 
loid in preserving a hi^^ degree of dispersion. When all is dissolved the 
dedred Brix may be obtained by placing the tared flask and contents on the 
rough balance and adding hot water in small lots with continuous stirring until 
the desired water wei^t is reached. The sirup is cooled and is reaciy for filteiv 
ing. To 250 grams sirup we add 1 gram of A ” asbestos and shake violently 
five minutes. Two filtering pads are prepared. Use 60 cc. Jena ^lass filtei> 
ing crucibles marked 2-G, 3, with adapters in place of the Gooches and bolting 
silk formerly recommendled. For the first filtration shake up 0.5 gram “ A ” 
asbestos wim water and form an even pad and 1.0 gram of jOtX asbestos is 
used for the final pad. A little of the sirup mixed with the “ A ” grade 
asbestos is poured on the “ A ” pad and <3rawn throu^ to displace the water, 
when a dry dean receiver is put in to take the main sample. The same pro- 
cedure is employed when the “ A ” filtrate is formed on the XXX filter, the 
object bdng to prevent dilution. The A ” pads are discarded after use 
unless several samples during the day are to be filtered in which case they may 
be washed with hot wato and used again. The XXX pads are washed with 
hot water and sucked fwly dry after which they are placed in a Aft-ak contain- 
ing the dilute aqua regia mentioned above, mien enough have accumulated 
thw are digested and the asbestos used again.^ Pads should not be allowed 
to dry on ihe ^as s filtering element. When this occurs the asbestos becomes 
very adhesive and forms a coating on the surface of the that is almost 
impervious to water. 

Peters and Phelps in Tech. Paper 338 stress the importance of cleanliness 
of apparatus to receive optical filtrates. Treat Erlenmeyers, filters, bottles 
^d glass cells with chromic-sulfuric acid cleaning mixture afto use and since 
finally with distilled water b^ore drying. 

Effect of pH on Color . — The effect of a change of H-Ion concentration on 
the color of a sugar solution has been studied by many investigators* It has 
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long been known that acid juices and sirups are lighter colored than the same 
juices at alkaline reactions, the coloring matter of the juice or sirup acting as a 
sort of indicator. The light absorption at different wavelengths differs 
markedly as the pH is changed. 2erban ^ showed that using a raw sugar 
solution which had been altered from 5.8 pH to 8.3 pH through CTTifl.1T intervals 
by the addition of NaOH there was an appreciable increase in the — log t 
vsdues (measure of the amount of color) with the increase of the pH, though 
within the range of pH of refinery work (pH 6.6-7.9) the increase is equivalent 
to a concentration of the same coloring matter, the quality not rthanging appre- 
ciably. 

In all comparative color work the pH of the solutions compared should be 
accurately adjusted to the same value in order to avoid this effect of the 
change of pH. 

Kieselgulvr for RonUne Color Work . — While it is admitted that kieselguhr 
has a selective action on the coloring matter, its convenience for routine work 
as compared with the tedious method of Peters-Phdps and Brewster is evident. 
There is no publication available showing quantitatively the difference between 
kieselguhr and asbestos filtration. The work of Zerban * and of Peters and 
Phelps ^ shows the difference between asbestos filtration on coricentrated solu- 
tions and kiesdguhr on dilute solutions, the latter invariably showing about 
20 per cent more color than the former but the variation ranging from +2.43 
per cent to +36.64 per cent so that no correction can be applied to convert 
the results of one procedure into those of the other. These variations are the 
result of two errors, the dilution and the selective action of the kieselguhr. 
Peters and Phelps^o promised analytical proofs in a later publication of the 
difference due to kieselguhr alone, but these have never been published. 

In view of the divergence of opinion on asbestos filtration and the tedious- 
ness of the procedure, it appears that the use of kieselguhr for routine color 
measurement must be continued pending other simple methods of greater 
accuracy. The solution methods advocated by the Bureau of Standards, 
avoiding dilution, can be used to obviate part of the error shown by Peters and 
Phelps and Zerban, and the routine should be standardized as to quantity and 
class of kieselguhr used, freedom from turbidity, density of solution, etc. It 
is understood, of course, that for i^ctrophotometric work the asbestos 
filtration must be \ised. 


Appabatus pob Colob Mbasubbment 

The color instruments described here are those most commonly used in 
American sugar practice. There are a great many varieties of colorimetric 
apparatus but practically all of them operate on one or another of the prin- 
ciples illustrated by the instruments given below. 

^ Unpublished paper presented before A. C. S. Meeting, 1925. 

* Unpublished. Presented before Am. Chem. Soo., 1925. 

«B.S. Paper. No. 338, p. 294. 

Loe. eit., p. 283. 



288 


COLOR DETERMINATION 


262. Coloiinieters . — Duhoscq Type . — ^The simplest method of comparing 
the amount or intensity of color of two liquids is by adjusting the depth of the 
liquids in separate tubes until they appear to have the same color as viewed 
from above. The Duboscq type of colorimeter, modifications of which are 
made by many manufacturers of optical instruments, is designed to accom- 
plish this adjustment and comparison. The one shown in Fig. 103 is a IQett- 
Kober Duboscq instrument. Light falling on the adjustable porcelain reflect- 
ing plates (mirrors are used in many other instruments) is projected up through 
the clear glass bottom of the black glass tube containing the liquid to be exam- 
ined. A black glass plunger, also with transparent polished glass bottom, is 
immersed in the liquid oTid transmits the light passing through the liquid, 

between the bottom of the tube and the 
bottom of the plunger, to the prism 
above and thence to one-half the field 
in the eyepiece. An exactly similar tube 
on the other side of the instrument car- 
ries the liquid used as a standard, the 
light transmitted through it forming the 
other half of the field. Either tube may 
be raised or lowered by the milled heads, 
thereby changing the depth of liquid 
through which the light passes, until the 
two halves of the field appear the same 
color. By means of the small telescope 
attached to the rear of the eye-piece the 
scales showing the depth of liquid below 
the plunger in each tube may be read to 
fractions of a millimeter. In practice the 
standard is generally placed at some con- 
venient fixed depth (say 20 mm.) and 
Fig. 103. — ^Klett-Eober Colorimeter, the test solution adjusted to match it. 

Then the amount of color in the test 
solution in terms of the amount of color in the standard is computed by 
dividing 20 (or whatever depth was chosen for the standard) by the depth of 
the test solution. A convenient adjunct to the Klett-Kober is the table in 
the base of the instrument by which this calculation is effected. 

The Duboscq type of colorimeter is simple and convenient, and accurate 
for the purpose intended (that is, measurement of total color), so long as the 
standard and the test solution are of identically the same color. When dif- 
ferences in tint have to be dealt with, which is the case in dealing with filtered 
and unfiltered sugar liquors, there is considerable difficulty in matching the 
shade. The standards generally used in sugar-work are caramel in glycerine, 
or feme chloride solutions, and while these solutions approximate the color of 
washed sugar liquor or solutions of raw sugar they differ markedly in tint from 
char-filtered liquors. A little ferric chloride added to the glycerine-caramel 
standards (suggested by T. B. Wayne) adds to the simulation of the color of 
the washed sugar liquor but there are Btfil differences in tint to be dealt with. 
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These differences can be removed to some extent by inserting a light filter 
in the colorimeter between the solution and the eye. In the Klett-Kober this 
is easily accomplished by adding to the hoUow plungers (which may be un- 
screwed) the following solution of metallic salts to a depth of 1 or 2 cm. (Obvi- 
ously both plungers must contain the same depth of solution.) The solution 
whi^ was devised by Wayne consists of 260 ml. of 10 per cent nickel nitrate 
and 5.65 ml. of 10 per cent potassium bichromate (both solutions having been 
filtered through asbestos as described on p. 285) made to exactly 600 ml. with 
distilled water. It has an effective wavelength of 563 mti and transmits only 
a narrow range of wavelengths between 540 and 570 m/x, and when used in 
proper thickness, the effect is to filter out the rays above and below this range 
and remove the differences of tint. 

The standards used in the above method may be calibrated to absolute 
units (see page 295) in a spectrophotometer or an arbitrary standard may be 
used. The use of a standard that will give comparable results with other 
workers is an argument for the “ standardized standard. Kenneth Ritchie^® 
gives a method of making a standard of ferric chloride solution which can be 
trandated into Stammer units (see following paragraph). 

Stammer Colorimeter , — ^This is one of the oldest of the colorimeters and is 
still used extensively in Europe, although being rapidly replaced by color analy- 
sis apparatus. In effect it is similar to a Duboscq in which the standard tube 
has been replaced by two brown colored glasses, accurately standardized, 
called “ normal glasses.’* In the Stammer the plunger is moved up and down, 
instead of the tube, to vary the depth of the test solution. 

The reference basis is that a solution 10 c.m. high at 100° Brix equal in 
color to two normal glasses has a color of 1 ° Stammer. Stammer degrees are 
actually calculated by dividing 100 by the height in millimeters of test liquid 
which matched the color of two normal glasses and then multiplying this by 
100/Brix X Sp. Gr. 

The Stammer offers even greater objections than the Duboscq on the score 
of tint differences between standard and solution. The normal glasses were 
made for beet juices and do not match cane-sugar products well in tint. It 
has the advantage that it gives results in units which are comparable with the 
work of other Stammer instruments. 

CdUynmeters Depending on Photo-electric Cells . — ^Recently several instru- 
ments have been devised in Europe for measuring color depth (or rather 
extinction by colored solutions) that do away with the human eye entirely. 
One described by K. Sandera “ is the apparatus schematically represented 
in the accompanying diagram (Kg. 104.) The principle employed is measure- 
ment of the strengths of electric currents generated by light of varying inten- 
sities. 

“ In this apparatus light from the source, 0, passes through a suitable lens, 
e, and filter, /, a cuvette, a, containing the pure solvent and imping^ on the 
coating, K, of the metallic potasgdum on the interior of the photo-electric 

w The Planter. October 17, 1925. 

“ Ind. Eng. Chem. Vol. 19 (1927), No. 11. 

Zeit. Zuckerind. Czedbi. Rep. Vol. 52 (1928), p. 261. 
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cdl. The photo-dectric current is amplified by the electron tube (grid, M* 
and anode, Bl)) the amplified current, which is proportional to the light falling 
on the photo-electric cell, is measured on the miUivoltmeter, M V . The cuvette 
6, containing a solution of the product, is then put in place of a and a new 
measurement made; the difference in the two measurements gives the measure 
of the color of the sample. The accuracy of the readings is about 1 per cent. 
The instrument is made by J. & J. Eric, Prague.” 

263. Instram^ts for Color Analysis or Tintometry. — Lov^>ond Tiniometer. 
—This is one of the oldest instruments for analyzing color. It consists of a 
trough carrying the liquid to be ejcamined, at the side of which is a tube with 
slots for the standard color glasses, which are of the primary colors, red, 
ydlow and blue, with numerous glasses of varying depths of color each accu- 
rately graded and numbered. 
The operator “ builds up ” 
the color of the test solution 
by supeivimposing the correct 
amount of red, ydlow and 
blue glasses. The results are 
then expressed in units of red, 
yellow and blue by adding 
together the numbers on each 
of the glasses of the different 
colors used. It is obvious 
that the operation requires 
a delicate color sense and is 
not suited to routine opera- 
tions. The color glasses are 
expensive and where a wide 
Pig. 104;. — Colorimeter XJaiiig Photo-Electric Cell, range of them are needed as 

in sugar work the cost is a 
factor. The Lovibond has been largely superseded by newer models of color 
analyzing instruments. 

Ives Tint-Photometer , — ^This is generally known as the “Hess-Ives” 
because the first model was so named. Although not a true spectrophotom- 
eter it is a step in that direction as it measures the amount of light transmitted 
by the test solutionas viewed through a series of color screens or light filters each 
of which isolates a part of the spectrum. It may be used for determizxing the 
color of solids also, and a description of the me^od of using it for soft-sugar 
gradings, as devised by Dr. J. W. Sehl^el, has been described by L. A. Wills.“ 

The optical arrangement as shown in Pig. 105 is such that a part of the 
light from the lamp is reflected from the 2d magnesia block to the 2d mirror, 
thence through the glass cell through one-half of the lens K, forming one-half 
of the fi^d; while a second part of the light passes first through the adjustable 
slit, thence through condensing lenses to the first magnesia block where it is 
reflected to the first mirror and thence throu^ the other half of K to form 
the remainkig half of the field. 

Pacts About Sugar. Nov. 20, 1926. 





IVES TINT-PHOTOMETER 


291 

For liquids, the glass cell is first filled with the pure solvent (water) and put 
in position while the lever L is placed at 100 (z.6., slit is wide open) on the 
scale S, With one of the color 
screens in place, the 2d mag- 
nesia block is adjusted by 
means of the lever LL until 
the field appears evenly col- 
ored as viewed from the eye- 
piece. The water cell is then 
replaced by a similar one 
containing the test solution. 

The fidd will now appear 
darker on one side due to 
the extinction of light by the 
color of the solution. This 
is compensated for by closing 
the slit with the lever L until 
the two halves of the field 
again match, when the reading 
is noted on the scale. In a 
similar manner, readings are 
taken through each of the 
color screens. There are five 
of these provided with the 
instrument; blue, blue-green, green, yeUow-green and red. Honig and 
Bogtstra^^ have subjected these color screens to spectrophotometric analysis 
to find the maximum wavelength and the spectral range transmitted. They 
found that combinations of these light filters greatly reduced the range 
of transmission; their results being given below: 


Simple Filters 

Maximum 

Transmission 

at 

Transmitted 
Traject in mii 

Blue 

465 mil 

500 

60 (420-180} 
40 

Blue-green 

Green 

535 

60 

Y ello w-green 

575 

40 (565-605) 
70 

Red. . 

625 

Combinations: 

Blue-green-green 

512 

. 10 

2 X green 

535 

50 

Yellow-green -h green. 

560 

10 

2 X yellow-green 

575 

20 

Ydlow-green -[-red 

617 

20 




“ 7^, cit. 
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A 560 ** color screen liaving a maximum transmission of 560 mjx is now 
made for this instrument also. 

In the early days of the Hess-Ives an investigation by the writer and 
Joseph B. Harris showed that the percentage scale on this instrument was 
meaningless in itself but that the relationship between the scale readings and 
relative amounts of color was expressed algebraically as F == where y is 
any scale reading, K the reading for any unit of material and x the number of 
units of material required to give the scale reading y; or x — log y/\og K, 
To avoid the logarithmic calculation a table was devised as given below by 
taking X as 99 and solving throughout for y from 100 to 0. 


Table for Translating Hbss-Ivbs Tint-Photometer Scale Readings 
TO Meade-Harris Units of Color 


y = X® where y = scale reading; x = units of color; K =* 99 (constant) 


Sc^e 

Read- 

iag. 

y 

Units 

of 

Color. 

X 

Scale 

Read- 

ing. 

y 

Units 

of 

Color. 

X 

Scale 

Read- 

ing. 

y 

Units 

of 

Color. 

X 

Scale 

Read- 

ing. 

y 

Units 

of 

Color. 

X 

Scale 

Read- 

ing. 

y 

Units 

of 

Color. 

X 

100 

0-0 

80 

22.2 

60 


40 

91.1 

20 

160.0 

99 

1.0 

79 

23.4 

59 

52.5 

39 

93.6 

19 

165.0 

98 

2.0 

78 

24.7 

58 

54.2 

38 

96.2 

18 

170.5 

97 

3.0 

77 

26.0 

57 

55.9 

37 

98.9 

17 

176.0 

96 

4.0 

76 

27.3 

56 

57.7 

36 


16 

182.0 

95 

5.1 

75 

28.6 

55 

59.4 

35 

104.4 

15 

189.0 

94 

6.1 

74 

29.9 

54 

61.3 

34 

107.3 

14 

196.0 

93 

7.2 

73 

31.2 

53 

63.1 

33 

110.^ 

13 

203.0 

92 

8.3 

72 

32.6 

52 

65.0 

32 

113.3 

12 

211.0 

91 

9.4 

71 


51 

67.0 

31 

116.5 

11 

219.0 

90 

10.5 

70 

35.5 

50 

68.9 


119.7 

10 

229.0 

89 I 

11.6 

69 


49 


29 

123.1 

9 

239.5 

88 

12.7 

68 

38.4 

48 

Em 

28 

126.6 

8 

251.0 

87 

13.8 

67 

39.9 

47 

75.1 

27 


7 

264.0 

86 

15.0 

66 

41.3 

46 

77.2 

26 

134.0 

6 

280.0 

85 

16.2 

65 

42.8 

45 

79.4 

25 

137.8 

5 

298.0 

84 

17.4 

64 

44.4 

44 

81.6 

24 

141.9 

4 

320.0 

83 

18.6 

63 

46.0 

43 

83.9 

23 

146.2 

3 

349.0 

82 

19.8 

62 

47.6 

42 

86.2 

22 

150.6 

2 

389.0 

81 

21.0 

61 

49.2 

41 

88.7 

21 


1 

458.0 


These units proved convenient for several years until the absolute units 
recommended by Peters and Phelps (to which the above units may be trans- 
lated) came into vogue, and they are still of service in routine work. In 1924 
Meade and Harris. Ind. Eng. Chem., 12 (1920), p. 686. 
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E. W. Rice devised a scale for the Hess-Ives based on reciprocals of these 
units. Later Rice made a scale for the “ 560 ” color screen which reads in 
— log t values. 

The Hess-Ives tint photometer may be read accurately to 1 division of the 
scale with solutions of moderate color concentration (e.g., washed sugar liquor 
in a 2 cm. cell) but with more difficulty through the blue screen. With greater 
color concentrations cells of 1 cm. thickness may be used or the test solution 
may be diluted with the clear sucrose sirup described on p. 285 (never with 
water). This instrument is comparatively ineacpensive, wiU serve for routine 
work, and is valuable for many kinds of investigations though it is hardly of 
the high accuracy necessary for research. 

Keuffel and Esser Color Analyzer . — ^This is a direct-reading spectropho- 
tometer of the highest optical precision suitable for all classes of research work 



Fig. 106. — K. & E. Color Analyzer. 


and color investigations both with solids and liquids. It consists essentially 
of (1) a source of light which consists of two 400-watt lamps in the spherical 
housing at the left of Fig. 106 (2) a rotating disk photometer and (3) a constant 
deviation spectrometer. Between the lamp-housing and the disk of the 
photometer is seen the holder for liquid samples or transparent solids. Opaque 
samples are held at the rear of the lamp-housing by the spring clips seen at 
the left of the figure. Full directions for the operation of the instrument are 
supplied by the makers. 

Because of its complexity and cost the K. & E. analyzer is not suited for 
general routine work, but most of the recent American investigations of color 
in sugar products have been carried out with this instrument. 

264. Color Nomenclature for Sugar Solutions. — The symbols used here are 
those adopted by the Bureau of Standards following the recommendation of 
the Optical Society of America 

Planter. Nov. 16, 1924. 

See Peters and Phelps Bur. St. Tech. Paper 338, Part 1, 3 for a more detailed 
discussion. 
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T * transmittaacy, or the fraction of the incident li^t which is trans- 
mitted throu^ a vessel with parallel polished ^ss ends containing 
the colored solution, after correcting for reflection at the surfaces 
and for absorption of light if any by the pure solvent. The solvent 
for sugar solutions is pure wat^ which has an absoiption which is 
ne^^le. 

t specific transmissivity = transmittancy reduced to unit conditions 
of thickness and concentration. 

h » thickness in centimeters of the absorbing solution. 

c » concentration in grams original colored dry substance (sucrose •+■ non- 
sugars -h coloring matter) per 1 cc. of solution. 

Lambert^s law states that the amount of light transxnitted when the thick- 
ness of the absorbing medium is varied (concentration remaining the same) is 
inversely proportional to the power of the units of thickness or 

t = 

Similarly Beer's law is that the light transmitted varies inversely as the 
power of the concentration (thickness remaining the same) or 

Combining these the Lambert's-Beer’s law becomes 

t = or — log t (—log T) 

CO 

and — log t is a measure of the coloring power (i.e,, intensity of absorption) 
of the unknown amount of coloring materials associated with 1 gram of 
saccharine dry substance. 

A = specific absorption = 1 — t, 
log A = log (1 — t) * — log t 
— log t *= ^ecific absorptive index. 

Peters and Phelps found that for the ordinary coloring matter of sugar 
products the solutions appear brightest to the eye at the wavelength (X) 
of 560 millimicrons (nifi) or expressed in spectrophotometric terms 

X » 560 ntfi is the wavelength of the optical center of gravity of the lumin- 
osity curve for unit quantity of coloring matter of sugar products. 

It is for this reason that the wavelength of 560 mpt was chosen as a standard 
by the Bureau of St^daxds. The Europeans use 590 mju (Lunden) and 610 
nifi (Spengler and Landt). 

Q = Absorption ratio « the specific absorptive index at any one wave- 
length compared with the specific absorption index at the standard 

wavelength of 560 « — 

— log tx 660 

Q is a measure of the quality c£ absorption of a solution; it is the rdation- 
ship between unit absorption at 560 mu and absorption at other wavelengths 
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throughout the spectrum. A series of Q ratios taken at definite intervals of 
wavelengths and plotted as a curve will show the “ color trend of the solu- 
tion being studied while comparisons of the Q ratio curves of two solutions 
(e.g., before and after char filtration) will show the differences in the kind of 
color in the two solutions studied. 

Peters and Phelps also give a calculation for color units n, 

— log tseo 
n . 

.00485 

These color units do not seem to have come into as general use as the — log t 
values themselves. 

Determination of — logi Value in Practice, — ^After a suitably transparent 
solution has been prepared with a correct dry substance concentration and a 
suitable color concentration a parallel-sided cell of suitable thickness is filled 
and placed in one beam of a photometer. An exactly similar cell filled with 
distilled water or with a colorless sucrose solution is placed in the comparison 
beam in order to compensate for losses by reflection at the ceU surfaces and 
eliminate corrections for this effect. A spectrophotometer, a simplified spec- 
trophotometer, or other color measuring device which is capable of measur- 
ing transmittancy for monochromatic Eght of wavelength 560 mju, or for a 
narrow band of the spectrum whose effective wavelen^h is 560 mp,, may 
be utilized. If a mercury vapor lamp is used as a light source measurements 
of T, or —log T, are made for the green line, 546 mp, and the yellow lines, 578 mp. 
The reading for 560 is then obtained by deducting 48 per cent of the difference 
between— log t at X 546 from —log t at X 578; the result is — log t at X 560. 

The transmittancy measurement T determined for the concentration, c, 
and thiclmess, 6, is reduced to unit basis, as regards concentration and thick- 
ness, by means of the equation t = ^T, or —log t — — , which expresses 

Lambert’s-Beer’s law. It is to be noted that the photometer scale may be 
graduated in terms of T (transmittance), or directly in — log T, the latter 
direct reading eliminating one step in the calculation.^ The thickness, h, for 
any cell is a constant, and c is readily calculated, utilizing for this purpose the 
refractometric and density measurements. 

In aU cases, whether or not the colored solution has been diluted, the con- 
centration, c, is expressed as grams of original colored dry substance per 1 cc. 
of the final solution upon which the transmittancy measurement is made. 

Peters and Phelps, Loc. dt., p. 283. 
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266. General Remarks on Sampling and Averaging.— One of the most dif- 
ficult, and often unsatisfactory, problems for the cane-sugar chemist is that of 
securing representative samples of the juices and various products at the dif- 
ferent stages of the znanufacture. If a sample does not strictly represent the 
average composition of the material, the analytical work will usually be of but 
little if any value. 

In order that the samples may be representative they must be drawn con- 
tinuously in proportion to the quantity of the material. Or, they must be 
secured at intervals, drawing a definite quantity in each sample, from a 
meaiSured or weighed quantity of the material, the size of the sample always 
bearing the same relation to the amount of material sampled. This second 
method is the one usually practiced and is termed sampling by aliquot parts. 

The importance of a proper method of sampling is illustrated by the fol- 
lowing example: Given four lots of sirup A, B, C, and D from which an average 
sample is to be drawn. Let A = 1000, B = 800, C « 600, and D = 200, and 
let each lot differ from the others in analysis. Manifestly a mixture of equal 
parts of sirup from these lots would not be a true average sample, but a 
mixture of 10 parts of A, 8 of B, 6 of C, and 2 parts of D would represent the 
average composition of the sirup. 

In averaging the analyses of the various materials in a cane-sugar house, it is 
advisable to use the weights rather than the volume. Thus the weights of the 
juice, the sucrose, and the apparent solids (Brix) should be recorded daily and 
at the ^d of a “ run ” or period the sum of the daily weights of sucrose 
divided by the weight of the juice and the quotient multiplied by 100, will give 
the mean per cent of sucrose in the juice and so on. Similarly the analyses of 
the sugars, and, so far as possible, those of the other products should be aver- 
aged. 

For the general laboratory data, it is preferable to collect daily one com- 
posite sample of the juices and each product. This is advisable since the quan- 
tity of material represented by the analyses is usually known or estimated 
daily, thus giving the analytical work a definite value. 

266. Sampling the Cane in the Fidd,— It is practically impossible to secure 
a moderate-sized sample of sugar-cane that wiU be even fairly representative 
of that of a field. The best the chemist may hope to accomplish, under favor- 
able conditions, is to obtain a sample that will in a very general way indicate 
the condition of the cane. The difficulty in sampling is due to the great vari- 
ations in the analysis of canes from the same stool and also from various parts 
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of even a small fidd. Frequently in a large factory, receiving cane from many 
fidds, the daily average analyses will differ but little from day to day whereas 
single analyses may vary widely from the average. 

In sampling cut cane a few stalks should be selected from every second 
or third row, crossing the field one or more times, according to its size, in 
sampling. The large sample, after mixing the canes, should be reduced by 
sub-sampling to one of convenient size for the laboratory. This method is 
frequei^ly impracticable, since the carts often follow close behind the cutters. 

It is even more difficult to sample standing cane, since the fidd is an almost 
impenetrable jungle. In this case a few entire stools of cane should be secured 
from various parts of the fields, but not from near ditches or headlands, and 
these canes should be reduced to a convenient number, after mixing them 
thoroughly. 

Perhaps the best method of sampling the whole cane is to await its arrival 
at the factory, then grind several cart- or car-loads apart from other cane, and 
analyze the juice. 

267. Sampling Bagasse. — To a certain extent the bagasse presents the same 
difficulties as the whole cane. The bagasse, however, is more or less well 
mixed in its passage through the mills and insularities may be overcome by 
sampling across the conveyor. 

Samples of bagasse should include all of that on a section of the bagasse- 
carrier its entire width and should be transported to the laboratory in dean 
galvanized iron cans, tightly covered. It should be remembered that loss of 
moisture in the sample introduces a very sensible error in the estimation of the 
moisture content. The sampling, sub-sampling, comminuting and h and ling 
of bagasse samples should be done as rapidly as possible with a minimum of 
exposure to the air. On reaching the laboratory the sample should be quickly 
and thoroughly mixed and sub-sampled. The small sample may be analyzed 
immediately or stored six hours in a closed box in the presence of chloroform 
and ammonia. A sponge should be saturated with the preservatives in the 
proportion of one part chloroform to six parts of strong ammonia and be 
attached to the inside of the box-cover.^ 

268. Sampling the Jtdce. — ^When saturation or imbibition is practiced it is 
necessary to secure two samples of the mill-juice, one from the first mill and 
the second from all the mills combined. It is preferable to draw the first of 
these samples from the juice canal of the cruriier when there is liability of 
water from the miU-bearings mixing with the jmce and in any event, it is 
usually advisable to sample at this point. The degree Brix of this first sample 
is used as a basis in calculating the so-called normal juice or undiluted juice, 
from the analyris of the mixed juices from the train of mills. The d^ees 
Biix of the two samples are also used in calculating the dilution of the mixed 
juice due to maceration or leakage of water from the mill-joumals. 

269. Dry Milling Factor. — Special sampling is necessary in determining the 
factor or coefficient to be applied in reducing the d^ree Brix of the crusher or 
first mill and crusher-juice, to terms of the normal juice that would be yielded 
in milling of equal efficiency without maceration water. This factor should 

1 Spencer, Ind. Eng. Chem., Vol. 12 (1920), p. 1197. 
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be determined a sufficient number of times in the season to note its variations 
TTith cane and milling conditions. The juice from the crusher (or crusher and 
jGist mill) and that from the entire system are separately sampled during 
the period when the mills are operating with no maceration water whatsoever. 
The sampling should be by automatic devices and should be continuous 
for an hour or longer. The first sample is of relatively high degree Brix, 
sucrose content and purity, due to the comparatively moderate pressure 
applied in crushing the cane. The degree Brix of the second sample is 
lower than that of the first on account of the very heavy crushing by the mills 
which extracts the rind-juice and many of the impurities of the cane. The 
factor is the relation between the degrees Brix of the two samples. The fol- 
lowing example illustrates the calculation and use of the factor: Brix of the 



two samples, rei^ectively, 20° and 19.7°; factor =* 19.7 -4- 20 =? 0.985. Brix 
of the mixed-juices in regular milling, 19.6, then 19.6 X 0.985 » 19.3, the 
degree Brix of the normal or undiluted juice. 

270. Samjfiing Devices. — ^The juice should be sampled automatically and 
in proportion to that extracted. The milling is usually very uniform under 
good conditions of equipment and operation, hence samplers may be operated 
by some part of the mill mechanism, preferably a roll-shaft. Certain tj^pes of 
samplers may be driven by a reciprocating or other part of the juice-pump. 

The Calumet is an efficient type of sampler (Fig. 107). It was devised at 
the Calumet Plantation, Louisiana. The Calumet sampler shown in the figure 
was designed by Dr. Spencer to draw juice from the crusher canal. A modified 
type is necessary for sampling juice under pressure in pipe-lines. 

The construction of the Calumet samplear is jsihown in the sectional scale- 
drawing, with the device lilted to crush^-canaL A hole is bored through 
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the plu^er, near the end, to receive the sample. A Kp or projection closes the 
lower side of the hole while filling. The plunge clears the trash from this 
projection at each stroke it makes. When the plunger is withdrawn it dis- 
charges the sample through the lower end of the hole into the gutter. A gland 
is provided to prevent leakage of juice. 

The Calumet sampler for drawing juice from a pipe-line is of somewhat 
different construction. The plunger should be about 1 inch in diameter and 
have a stroke of about 3 inches. A juice cavity about J inch in diameter is 
drilled longitudinally into the end of the plunger and is fitted with a screw for 
adjusting the size of the cavity and consequently of the sample. A ^-inch 
hole is drilled at right angles to the cavity and through it. Corresponding 
holes are drilled through the pump barrel for the inlet of air and the discharge 
of the sample from the plunger. Two rmgs of packing, controlled by a fol- 
lower and packing-ring, are placed around the plunger, one at the outer end 
of the barrel and the other between the juice-inlet and outlet. There should 
be an oval opening in the packing-ring where it passes the juice-outlet, to admit 
of adjustment. The barrel of the sampler is screwed into the pipe from which 
the juice is to be drawn and is clamped into place with a locknut. This sam- 
pler may be operated from a reciprocating part of the juice-pump, reducing 
the speed, if need be, by a mechanism such as used in pumping oil to a bearing. 
The vertical- or outlet-hole in the plunger is made small to reduce the cutting 
of the packing. 

A more recent sampling device known as the Mercedita sampler specially 
designed for taking samples of crusher juices is shown in Fig. 108 and consists 



essentially of a liTik motion operated from a cxusher-roU which actuates a 
swinging arm A. carrying a sample cup C7. At each rotation of the roll 
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the axm and cup are swung out into the falling juice (position A® — C®) and 
then withdrawn, the cup being turned upside-down (A^ — C^) by a tilting 
device as it comes over the sample containers. This arrangement has been 
found superior to any other sampler in simplicity and in freedom from clogging 
and fouling. 

A device that is sometimes advocated is a heavy wire leading from the 
stream of juice to the sample bottle. With a short wire the error from evapora- 
tion is slight with cold juices, but with hot juices the evaporation is sufficient 
to affect the figures appreciably- The method should not be used where other 
means of sampling are available. 

An undershot water-wheel, just dipping into the juice and driven by the 
current, may be used to sample from a canal. The axle of the wheel should be 
hollow and a few of the spokes should be tubular and communicate through the 
axle with the sample jar. The hollow spokes should terminate in small spoons 
which serve to take up a little of the juice and deliver it through the spokes 
and axle to the jar. 

The difficulty of keeping small diameter pipes clean is an argument against 
arrangements such as these. 

A with conical cover, in which is located a small hole covered with 
gauze, is sometimes used. This is placed where the juice is falling and the 
stream flowing over the gauze keeps it clear of fiber, while a small amount of 
juice enters the can. 

Samples may be drawn from the discharge-pipe of a direct-acting pump 
by TQftftna of a spring-controUed relief-valve. The valve should be adjusted to 
open at the moment of highest pressure at each pump stroke. 

The difficulty with most of these samplers, except the Calumet and Mer- 
cedita types, is their liability to dog, tendency to foul, uncertainty as to their 
sampling in proportion to the quantity of liquid passing them and the prob- 
ability of not drawing an average sample under certain conditions, e.g., when 
drawing from a canal into which the juices from several mills flow. The 
Calumet sampler necessarily draws a correct sample when it is connected with 
the discharge line from a pump and is operated by the latter. When this 
sampler is connected with the canal leading from the crusher its sample is from 
only a part of the juice, but it is usually a very good approximation of a repre- 
sentative sample. 

Particles of juicensoaked bagasse have been found to hang up on the pro- 
jecting parts of the Calumet with consequent souring and for this reason the 
Mercedita sampler is preferred. The value of a mechanical sampler is in direct 
ratio with the ability to keep it clean. Hand sampling, where the honesty and 
dependability of the sampler can be checked up regularly, is second only to the 
best mechanical devices, while drip samplers are not generally to be recom- 
mended. 

271. Sampling the Mixed Juice. — ^The accuracy of the factory control is 
based on the analsrsis of the mixed juices so the samples of this material should 
be taken with extreme care. Where weighing tanks are used (as in all modem 
plants) the best method is to have the scale-man take a measure of juice from 
each weighing-tank as it is being discharged. These small samples are poured 
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into a wide-mouthed container which is taken to the laboratory at the end of 
each hotir. The container should be replaced by a clean one for the suc- 
ceeding hour’s samples. The sample containers should be well stoppered 
between subsamples. Because of the importance of this mixed juice sample it 
is considered advisable to keep the sample at the juice tanks cool by surround- 
ing the container with ice. This obviates any possibility of deterioration 
during this hour when the sample is kept without any chemical preservative. 

Automatic sampling of the rmxed juices is complicated, particularly in a 
factory operating more than one tandem of mills, and does not give an accu- 
rately proportionated sample. Drawing a small amount from each weighing 
tank as described and compositing the hourly samples in the laboratory 
according to the number of weighing tanks filled is the only exact way of assur- 
ing a weighted sample. 

Duplicate samples should be drawn, one for the density determination and 
the other for the polarization. 

Methods for the preservation of the samples of juice and observations in 
regard to them are given in Sec. 273. 

272. Care of Samplers and Cont^ers. — ^In order that the sampler itself 
may not be a source of infection and cause the decomposition of the samples, it 
must be kept thoroughly clean and be frequently sterilized. Cleansing by 
means of a steam-jet is usually the most convenient and efficient method. All 
sampling devices should be thoroughly sterilized several times daily. The 
sample jars should be washed with hot water after each use and be thoroughly 
dried. The chemist should fully realize that m analyzing samples that are 
improperly drawn or cared for he is wasting his time and is obtaining mislead- 
ing results. 

Where measured samples are drawn at intervals by the workman, they may 
be conveniently stored in vnde-mouthed, glass-stoppered jars. The stopper 
should have a small perforation in it to prevent sticking when the temperature 
of the factory falls. A convenient size for the jars is three liters and the mouth 
should be fully 13 cm. (5 inches) in diameter. The object of the large mouth 
is to obviate the use of a funnel and to prevent the workmen from spilling juice 
on the edges of the jar. Small metal-cups, with long handles, are convenient 
for measuring the samples. The size of the cups depends upon the number of 
tanks that are filled daily; usually a cc. cup for the sucrose sample and 
10-15 cc. for the density sample are suitable sizes. These cups should be 
thoroughly rinsed with juice each time before drawing the samples, and after 
the addition of samples the contents of the jars should be thoroughly mixed. 

273. Preservation of Samples. — ^A preservative must be added to the 
samples in compositing. Samples for use in the Brix and ash determinations 
may be preserved by the addition of mercuric chloride in the proportion of 1 
part to 5000 parts of juice. One-half a milliliter of a saturated alcoholic solu- 
tion of the salt per liter of juice will give this proportion. These samples may 
also be preserved with formalin (40 per cent formaldehyde) using 0.3 to 0.5 ml. 
per liter, but the mercuric chloride is preferable. Formaldehyde should never 
be used in compositing samples for glucose determinations as it is copper 
reducing. Dr. Spencer discontinued the use of formaldehyde as a preservative 
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for laboratory samples about 1919.^ Its use in storing juices in the factory 
duriag enforced shut-Klowns is valuable, although it is recognized that some 
inversion due to the acidity of the jmce takes place in its presence (p. 86). 

The most satisfactory preservative of juices for sucrose and glucose tests 
is Home’s dry subacetate of lead. This is very efficient when used in the pro- 
portions of 20 grams per liter of juice. Spencer made many tests in Cuba 
with this salt and found that this proportion would keep juices without 
change in polarization for several days. The curves in Fig. 109 show the rates 
of deterioration with various amoxmts of dry lead in one set of these tests.® 
The lead should be weighed and added to the sample in proportion to the 
amount of juice added to the composite. For example, if 200 ml. are to be 
composited each hour, 2 grams of the dry lead salt should be added with this 
portion of juice, the whole being thoroughly shaken. The practice of adding 



all the preservative required for the completed sample to the container before 
compositing is started should never be permitted. 

If the subacetate of lead is used in solution, an estimate of the probable 
volume of juice that will be included.in the da3r^s composite sample should be 
made and for each estimated 100 cc. 6 cc. of the lead solution should be accu- 
rately measured into the sample-jar. At the close of the day’s work the 
volume of the sample and preservative should be ascertained and then suf- 
ficient water should be added to make the total dilution 10 per cent of the vol- 
ume of the juice itself. This enables the use of Schmitz’s table for sucrose. 

It is preferable to composite the samples in the laboratory itself, thus giving 

* had- Eng. Chem. Vol. 12 (1920), p. 1197. 

® Recent work by E. Lmneau (Sugar, Nov., 1928) indicates that 6 grams of dry 
lead per liter are sufficient for juice storage. Dr. Spencer’s investigations showed 
juices to be highly variable as to the amount of the preservative required; 20 
grams per liter bdng the safe limit for all jqiees. In his earlier work, he prescribed 
12 jpams, later rardng this to 16, and finally to 20 grams per liter. 
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the chemist a good control over the sample^boysj and making sure that the 
subsamples are drawn at regular intervals. 

274. Sampling the filter-press Cake. — ^The compodtion of the filteivpress 
cake varies in different parts of the press and of the cake itself. This makes 
strictly accurate sampling impracticable since this work must be left in the 
hands of the pressmen. The best approxunations and comparisons are 
obtained by cutting pieces of the cake 
systematically from various parts of 
the press. 

The instrument shown in Pig. 110 
is very suitable for this sampling. It 
is made of heavy brass and of such a 
size that it may readily be grasped by 
the hand over the cover. This latter 
is fastened to the body or receptacle 
by bayonet catches and a set-screw. 

The cutter is a brass-tube inch 
thick and about i inch in diameter 
at the cutting edge. The body of 
the tube is coned towards the recep- 
tacle, so that the plug of cake will 
readily pass into the latter. The 
cutting edge should be of the thick- 
ness of the tube to prevent damage 
to the filter doth or a guard should 
be placed on the cutter to prevent 
complete penetration of the cake. 

Several of these samplers should 
be provided so that one may be filled 
from each press. The pressmen 
should cut a number of plugs in the 
usual procedure, e.g., from various 
parts of the second cake, then from 
the fifth cake and so on. The plugs 
are accumulated in the receptacle, 
one remaining in the cutter and dos- 
ing it. A small tube, open at both 
ends, is attached to the of HO-— Sampler for Filter-Press Cake. 

the cover and holds a sponge satu- 
rated with formaldehyde, for the preservation of the sample. 

A mixture of one part chloroform and six parts strong ammonia is preferable 
to the f ormalddiyde. The sample should be sent to the laboratory each time a 
press is filled. This provides a check on the sampling and count of presses 
deaned. The sampler should be thoroughly deaned after removal of the 
plugs and returned to the presses. 

The sample may also be obtained by means of a brass-tube, fitted with a 
piston for removing the plugs. A cork-borer may be employed for the purpose, 
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but must be used with care on account of risk of cutting the filter cloth. The 
plugs should be stored in a covered vessel in an atmosphere saturated with 
ammonia and chloroform. 

It is difficult to control or check the sampling of the press-cake, especially 
as there is a natural tendency for the pressmen to sample only the hardest parts 
of the cakes. With the use of systematic methods of washing the cake the 
error of sampling, however, becomes less important as the loss of sugar is 

BTriflU, 

The samples, collected as has been described, are not usually separately 
analyzed, but are composited, preferably during six-hour periods. Each time 
that a filled receptacle is received by the laboratory, the plugs of press-cake 
should be removed and chopped into fine pieces and be thoroughly mixed. A 
measured portion of the minced cake from each press should be placed in a jar 
in an atmosphere of the chloroform-ammonia mixture as above. The united 
subsamples should be thoroughly mixed and analyzed once every six hours. 

If preferred, the subsamples may be composited during a twenty-four-hour 
period as follows: Weigh 25 grams of the six-hours* sample and wash it into a 
glass mortar with water and 6 ml. of lead solution (437). Rub the cake to a 
paste to thoroughly incorporate the lead-salt with it. Cover the mortar pending 
the receipt of the next sample and proceed as before, adding the second por- 
tion to the first, with additional lead. The third and fourth subsamples are 
treated in the same way and finally the mixture is washed into a 400 ml. 
fiask, diluted to the mark and polarized (321). 

276, Sampling Sirups, — ^In cases where the sirup may not be thoroughly 
mixed in the tank before sampling, a thief ** sampler may be used. This 
consists of a tube, long enough to reach the bottom of the tank and provided 
with a suitable ball or other type of valve. The tube is passed through the 
sirup, to the bottom of the tank, and on its removal takes with it a sample of 
each layer of sirup. 

In factories which pump all of the sirup through a single-pipe line to the 
storage-tanks, this material may be sampled by a Calumet pipe-line type of 
sampler (270) and with increased accuracy as compared with hand methods. 
This method is especially desirable when the sirup analysis is used as a basis for 
the calculation of available sugar. Probably as satisfactory a method as any is 
to have the multiple effect operator take a small portion of the sirup every 
fifteen minutes as it leaves the effect, compositing it without preservative. 

276. Sampling Massecuite and Molasses. — ^The grain-massecuites are not 
usually of uniform density or composition. This lack of uniformity is caused 
by imperfect circulation in the vacuum-pan. This is especially noticeable in 
very dry massecuite boiled without the addition of molasses. The sample of 
massecuite should therefore be drawn, little by little, as the strike is being 
discharged from the pan if the greatest accuracy is required. In ordinary 
practice a “ grab sample taken as the pan is discharging will serve, or if pre- 
fmed, portions may be taken at the beginning, the middle, and the end of the 
strike as it runs from the pan. 

If the samples of the several strikes of massecuite included in the day's 
wmrk are to be composited to form a sin^ sample, a measured portion of each 
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must be used. Sugar>boilers usually fill the pans to the same point; in such 
cases, if the pans are of uniform size, one measure will answer for all, otherwise 
there should be a set of proportionate measures, one for each pan. A small 
stemless funnel of glass forms a convenient measure. 

Molasses is sampled in the same way as sirup, and, according to the eadgen- 
cies of the work, the samples are analyzed separately or are composited. A 
composite sample of the final molasses should be prepared from timA to time 
for the determination of the sucrose by the Clerget method and the solids by 
drsdng for the calculation of the true purity. These samples should represent 
a definite quantity of the material. 

277. Sampling Sugar. — ^The workman at the sugar-scale should remove a 
sample from each package of sugar as he weighs it. The samples should be 
thrown into a tin box 
provided with a funnel- 
shaped opening to re- 
ceive them, as shown in 
Pig. 111. The can is 
conveniently placed on 
a shelf at the scaleman’s 
side in order to prevent 
stooping. The compo- 
site samples so obtained 
should be analyzed at 
frequent intervals, pre- 
ferablyan'analysisishould 
be made every six hours, 
and the number of packages represented by the sample should be recorded 
for use in calculating the averages. The can shown at the right of the figure 
is the type generally used in refineries where raw sugar is received in pack- 
ages. The funnel-top of the can is replaced by a closed top when the can 
is full or the lot of bags complete. 

In sampling sugar in the packages a “ trier ” is usually employed (Pig. 112). 
The trier is a long trough-hke instrument, which, being plunged into a quantity 




Pig. 112. — ^Trier for Sampling Sugars. 

of sugar, wiU, on withdrawal, remove a sample representative of the sugar 
through which it has passed. This sample should be thoroughly mixed, reduc- 
ing aU lumps, and exposing it to the air as short a time as possible. 

The following are the U. S. Treasury instructions for sampling sugars: 

Sugar in hogsheads and other wooden packages shaU be sampled by putting 
the long trier diagonally through the package from chime to chime, one trieiful 




Pio. 111. — Sample Cans for Sugars. 
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to constitute a sample, except in cases of small marks, when an equal number 
of trierfuls shall be taken from each package of the mark to furnish the 
required amount of sugar necessary to carry out the provisions of the regula- 
tions. In the sampling of baskets, bags, ceroons, and mats the short trier will 
be used, care being exercised to take the sample fairly from the central con- 
tents of the packages, and in such manner that the samples from each class 
of packages shah be uniform in quantity. When the hard condition of the 
sugar renders the use of the short triers impracticable, the knife may be used. 

The Treasury regulations require the sampling of all the packages in a lot, 
instead of a certain proportion of them, as formerly. This conforms to com- 
mercial usage. 
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278. Estimation of the Sucrose— Direct Method.— The first step in the 
analysis of the cane is the preparation of the sample. As has been shown a 
representative sample of . the cane without special apparatus is almost impos- 
sible to obtain. With the usual facilitieSj such as a k^e or shears, the sample 
of whole cane can neither be prepared rapidly enough to avoid error by evap- 
oration, nor in a suitable state of division for a thorough esctraction of the 
sucrose. In the analysis of whole canes it should be noted that the composi- 
tion varies greatly in different parts of the stalks, thus complicating the prep- 
aration of the sample. 



Fig. 113 .— Warmouth-Hyatt Cane Disintegrator. 


Whole cane can be rapidly and properly diredded by means of the War- 
moth-Hyatt Disintegrator, Kg. 113. Knives are fitted into the revolving 
shaft which is connected directly to the motor. In use the cover, shown open 
in the illustration, is closed and bolted and the cane (cut into short pieces) is 
fed down the hopper and is shredded, dropping through an opening in the base, 
not shown. The machine is usually mounted on a table with a drawer under- 
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neath in which the sample is collected. The knives can be removed for sharp- 
ening or replacing. 

For the direct estimation of the sucrose in the whole cane proceed as follows: 
Place 100 grams of cane prepared as above in a suitable dish or beaker and add 
approximately 200 ml. of boiling water and boil during ten minutes; carefully 
drain off the liquid and add another portion of 200 ml. of water, and again 
digest during ten minutes. Repeat these digestions with water in all seven 
times, and after the last press the residue in a hydraulic or other powerful 
press, uni ting the portions of solution draiued from the chips. Cool the 
liquid and weigh it and also determine its degree Brix. To approximately 
lOO ml. of this solution in a sugar-ffask add dry subacetate of lead for claiihca- 
tion. After thorough miving and filtration polarize the filtrate, using a 400- 
mm. observation-tube. Divide the polariscope reading by 2, since a double- 
length tube is used, and calculate the per cent sucrose in the solution by 
Schmitz's table, page 481. From the per cent sucrose in the solution and the 
weight of the latter, calculate the weight of sucrose. This number is the 
weight of sucrose in 100 grams of cane or the percentage of sucrose in the cane. 

279. Estimation of the Sucrose. Indirect Methods. — In the earlier days 
of laboratory control of cane-sugar factories, the sucrose was estimated by 
applyiog the percentage of sucrose in the normal juice to its weight as derived 
by deducting the marc (fiber) from 100. O. H. Francis ^ called attention to the 
error of this method in assuming the juice of the cane to be homogeneous. 
Many other experimenters have also shown that the composition of the juice 
varies in the same part of the stalk and that the cane contains water, termed 
colloidal water by Scheibler, that is almost or quite free of sugar. If a piece 
of a stalk of cane be entered into a small hand-mill and be slowly pressed, water 
will drip from the free end. In view of these considerations it is evident that 
an indirect estinoiation of the sucrose content of the cane must include the use 
of a factor to reduce to terms of the undiluted juice. This factor is necessarily 
quite variable and no great reliance should be placed upon analyses in which it 
is used. . 

The above method is discussed here on account of its use by many chemists 
and its bearing upon methods of stating the efficiency of mill-work. 

As in the beet-sugar industry, it is the custom of many chemists to deduce 
a factor from experimental data, corresponding to the percentage of normal 
juice in the cane, and apply this number in calculating the sucrose by the 
indirect method. In order that such a factor may be applicable, the experi- 
mental data must be obtained under the same milling conditions as in the 
extraction of the juice sample upon which to base the calculations. Such a 
factor can only be properly calculated from data obtained by actual experi- 
ment with the factory mills and even when so deduced is butan approximation, 
since the composition of the cane is constantly changing. 

The following is the customary and probably the best method of indirect 
aoslysis of the cane in working with or vrithout saturation. The weight of the 
eane is taken as reported by the cane department; the weight of mixed or 
Royal Agriculture and Commercial Society of British Guiana, 11th June, 
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diluted juices from all the mills is ascertained by direct weighing or by measure- 
ment and calculation by the laboratory; the weight of bagasse is estimated by 
deducting the weight of the diluted juice from the sum of the weights of the 
cane and the saturation-water; the sucrose is determined in the juice and the 
bagasse by direct analysis. Manifestly the weight of sucrose in the cane is 
the sum of the weights of sucrose in the juice and bagasse, and this number 
divided by the weight of the cane and multiplied by 100 gives the percentage 
of sucrose in the cane. 

There are several conditions that may lead to inaccuracy in the above 
method. The juice may be diluted by leakage of the water used in cooling the 
miU-joumals; the bagasse parts with more or less moisture by evaporation in 
passing through the mills; there may be inaccuracies of weights, measures and 
analyses. The first of these need not be expected where modem mills of good 
construction are operated. With the old types of mills, however, it is often 
necessary to run cooling water upon the bearings and a part of this is 
liable to leak into the juice. Such leakage may usually be detected by noting 
the relation between the percentage of saturation-water and the dilution num- 
ber. The error from the evaporation of the moisture cannot be e liminat ed, 
but is probably usually very constant in a given milling-plant. Inaccuracies 
of weights, sampling and analysis are usually avoidable. Inaccuracy in the 
measurement or weight of the saturation-water, which is used in calculating 
the weight of the bagasse, should be avoidable, but is a frequent source of 
error. 

The impossibility of accurately sampling whole canes usually precludes the 
use of the direct method of analysis in factory control, hence the method just 
described should be given preference. 

280. Determination of the Woody Fiber or Marc. — ^The samples should be 
very finely shredded. Transfer 50 grains of the material to a taxed beaJker of 
400 ml. capacity. Stretch a piece of washed linen over the top of the beaker, 
fastening it in place by a strong rubber band. An opening should be left in 
the'linen, opposite the Hp of the beaker for reple n i s h i ng the water. The linen 
is designed to serve as a filter. Digest the cane-shreds two times of ten min- 
utes each with warm distilled water, not hotter than 75® C., pouring off the 
solution each time through the linen, and washing back into the beaker the 
fragments of cane that adhere to the filt^. After the digestions with warm 
water, digest the cane-shreds five times, of ten minutes each, in boiling water 
pouring off the liquid as before. Dry the beaker and residue in an oven at 
100° C., until there is no further loss of weight, or until there is a slight gain 
over the previous weight. Use the smaller weight in the calculation. The 
weight of the residue multiplied by 2 is the percentage of fiber or marc in the 
cane. 

The dried fiber and linen attract moisture with extreme rapidity; therefore 
the beaker and contents should be cooled in a desiccator and then wdghed ^ 
quickly as possible. Preparatory to weighing the beaker and residue, their 
approximate weight should be placed on one of the balance-pans. 

Special apparatus should be employed where frequent direct fibernieter- 
minations are required. This should be capable of operating with compara- 
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tively large quantities of cane or bagasse in order to reduce the sampling error. 
A convenient apparatus is shown in Fig. 114. This is a simple form of Soxh- 
let^s extractor and is made of thin copper or brass. The body of the extractor, 
A, is approximately 3.5 inches in diameter and 12 inches long. Lugs are 
provided to support a cylinder, B, about 3 inches above the bottom of the 
extractor. The cylinder has a removable cover of 80-mesh wdre-gauze and the 
bottom is of the same material. A cylinder of this size will hold from 50 to 100 
grams of shredded bagasse or a larger weight of cane. The chamber below the 
lugs is to provide drainage space. A weighed quantity of shredded cane or 
bagasse in the cylinder B is placed in the extractor and a slow stream of cold 

water is run upon it. The water is quickly removed 

A Q by the syphon-tube when it reaches the level C. The 

syphoning may be controlled by partly closing 
r ^ I": the outlet with a plug of wood. The lower chamber 

< should be large enough and the rate of syphoning slow 

t ^ enough to permit partial drainage of the cylinder before 
the water again rises to the level of the cane. Hot water 
should be substituted for the cold after a few extrac- 
^ tions. If desired the extractor may be heated with a 

^ lamp, but in this event the lower chamber should be 

I vl l_ deepened and the outlet shoiild be an inch or more above 

® the bottom. 

3 'eo After thorough extraction, close the water-inlet and 

U C drain the fiber. Remove the cylinder from the extractor 
03 and place it in an oven to dry the fiber, or more properly 

o’ speaking, the “ marc.'' Drying may be promoted by 

ntj j soaking the marc in strong alcohol. A cylinder of the 
* water-saturated marc may be dried in about four hours 

in the special bagasse-oven, Fig. 123. The cylinders 
UL and extractor should be made with a view to the use 

Tests. s-i^d therefore much larger than 

has been indicated. 

According to PeUet,^ the use of alcohol instead of water in marc determina- 
tions is objectionable. The alcohol precipitates silica, phosphates, and nitrog- 
enous and non-nitrogenous matters, which are held by the fiber and exagger- 
ate its quantity. 

There are several processes of direct-fiber determination, using special 
apparatus, that are accurate as analytical methods for the particular sample, 
but they use such small portions per test that the sampling error becomes quite 
large, and the results valueless. 

The following indirect methods of fiber determination are those usually 
employed in miU control the second method being preferable : (1) The bagasse 
is sampled and the fiber is directly detemiined in it. The bagasse produced 


Use in 
Tests. 


cent cane X the per cent of fiber m the bagasse X 100 == per cent fiber in 
cane. (2) The per cent sucrose in the bagasse and the purity of the residual 
juice and the moisture are determined. The percentage of juice solids in the 
* IMletia Assoc, des Chrmistes^ 22 April, 1905. 
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bagasse is calcxilated from the percentage of sucrose and the purity of the 
residual juice. The sum of the juice solids and the moisture deducted from 
100 give the percentage of fiber in the bagasse. The purity of the juice flowing 
from the bagasse-roll of the last mill in the train is considered to be that of the 
residual juice. 

The following example illustrates the second indirect method: Per cent of 
bagasse, 25; sucrose in the bagasse, 4 per cent; moisture, 48 per cent; residual 
juice purity, 78 per cent; then 4 .78 = 5.13 per cent juice-solids; 100 — 

(5.13 + 48) = 46.87 per cent, fiber in the bagasse; 25 X .4687 = 11.72 per 
cent, fiber or marc in the cane. 

Dr. Spencer compared a large number of analyses by method (1) with the 
calculated fiber by method (2). The agreement by the two methods was so 
good that he discontinued the direct determinations of fiber in the bagasse 
in the factories under his supervision. {See also 325 .) 
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ANALYSIS OF THE JUICE 

281. Detennination of the Density. — ^The density of the juice is almost 
always dtetermined by means of an hydrometer (243) though a pyknometer 
(246) or the Westphal balance (244) may be used. The Brix spindle is the more 
convenient hydrometer for this purpose, since its readings are used in cal- 
culating the coefficient of purity. 

The readings on the Baume scale, or the specific gravity as determined 
by the Westphal balance or pyknometer, may be converted into degrees on 
the Brix scale by means of the table on page 451 or page 459, according to the 
standard temperature selected. 

The juice is first thoroughly strained through a fine-mesh screen (a cone of 
wire gauze is convenient) to remove particles of bagasse fiber and other sus- 
pended matter. Samples of juice for Biixing or drying should be preserved 
with either mercuric chloride or formaldehyde, preferably the former. Lead 
preserved juices should never be used for these determinations. 

In using the hydrometer, fill a wide cylinder to the brim with the sample 
of juice and set it aside for the escape of air-bubbles. The time required for 
this varies from a few minutes to half an hour, but usually ten minutes suf- 
fice. A vacuum connection as described on page 255 facilitates the removal of 
the ah bubbles and should be used in all routine work. 

The spindle should be lowered into the cylinder, after the escape of the 
bubbles, causing the juice to overflow and carry away with it the froth and 
mechanical impurities floating upon the surface. It is well to blow on the sur- 
face of the juice as it overflows to help remove the froth. The spindle should 
now be lowered farther into the juice, until it floats, care being taken to see 
that the stem is wet for a few tenths above the point of which the spindle will 
come to rest. 

After allowing sufficient time for the temperature of the spindle to reach 
that of the juice, read the scale as directed in 243 and illustrated in Fig. 89. 
The temperature of the juice should be noted for use in correcting the observed 
density. 

The temperature correction when using spindles whose normal is 17i° C. 
is made with the aid of the table, page 458. For example: Let 18.15® Brix 
at 24° G. be the observed density and temperature. Referring to the table of 
corrections, under the heading Approximate degree Brix and Correction,'' 
follow down the column 20, the degree Brix nearest 18°, to opposite the tem- 
perature 24° C., and take off the correction .44, which must be added to 18.15, 
making the corrected degree Brix, 18.59. Had the temperature been below 
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17§® C., the correctioii would have been subtractive. Similarly, p 
the table on page 469 is used in maldng temperature corrections 
for instruments standard at 20®/4® C. The table of comparisons 
for these instruments is given in page 459. 

282. True Degree Brix or Total Solids by Drying. — ^The juice 
sample should be weighed by difference from a weighing bottle, 
preferably one fitted with a ground-in pipette and rubber bulb. 

Use one of the methods of drying on pumice or quartz sand (Sec. 

247) or the Spencer oven, Type “A,” absorbirg the juice on " 

asbestos (Sec. 248). In any case employ sufficient juice to give 
about 1 gram of dry matter. Observe precautiotis for protecting 

the sample from absorbing moisture after drying (Sec. 246). 

The weight of dry matter divided by the weight of juice used, 
multiplied by 100 = per cent of total solids. 

283. Total Solids from the Refractive Index. — ^The refractom- 
eter may be used for estimating the solids as described in 249. 

The dipping refractometer may also be used for juices. 

284. Determination of the Sucrose.^ Special Kpette for / \ 
Measurements. — ^This method is generally used only for juices 

that have not been preserved with subacetate of lead. The 
pipette,^ Fig. 115, is so graduated that if filled to the mark cor- S | ^ 
responding with the observed (uncorrected) degree Brix, it will | 2 | 

deliver two normal weights of the liquid. Makers now graduate g ^ g 

these pipettes to deliver either 52.096 grams for use with the older 
system of Mohr's 100 cc. flasks at 17§® C. or 52 grams with the 
20® C. standard and 100 ml. flasks. The usual graduation is for \ J 
a range of densities from 5® to 25® Brix in tenths. These instru- \ / 
ments, called sucrose pipettes, are preferably made with a delivery 
tube about 4 inches long. With the short tube the pipette may 
be supported by the flask while draining, leaving the chemist 
free to continue a series of such measurements with other 
pipettes. 

In iTfiing this pipette in the analysis of a juice, proceed as 
follows: Determine the density of the juice with a Brix hydrom- 
eter, noting the degree Brix without temperature correction. Fill 
the pipette with juice to the mark corresponding with its observed 
degree Brix, and discharge it into a lOO-ml. flask. Add 3 to 5 ml. 
of diluted lead subaeetate solution (437), complete the volume to 
100 ml with water, mix thoroughly and filter the contents of , 
the flask. Polarize the filtrate, nfdng a 200-mm. tube, and divide L 
the polariscope reading by 2 to obtain the percentage of sucrose. Fig. 115. 

^The use of “sucrose” as synonymous with “polarization” is ^pette 
general in die sugar industry and for convenience the practice is ^ 
continued in this book. Results with double polarization methods are termed 
“True Sucrose,” “Clerget Sucrose,” or simply the “Clerget.” 

® This pipette was devised by G. A. Orampton and G. L. Spencer, independently 
and at about the same time. It is termed “Crampton’s” or “Spencer's sucrose 
pipette” by the dealers. 
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Factor for 78. 5 132.25 

Correction for 25 . 7° C 3.02 


129.23 

78.5/129.23 = 60.75 


Consulting Schmitz’s Table as before: 

Opposite 60 in column for 18° Brix 14.55 

Interpolating for 0 . 75 18 


Clerget Sucrose 14.73 


The leaded composite sample for Clerget work may be kept as long as five 
days if proper precautions as to sterilizing containers and protecting the 
sample from contamination are observed. 

287. Glucose (Reducing Sugars ). — Preparation of the Sample , — ^If the juice 
sample contains no preservative it may be filtered directly through dry 
kieselguhr, no lead or other clarification being used. (Sec. 230.) Samples 
preserved with mercuric chloride may also be treated this same way, but 
juices containing formaldehyde should never be used for glucose determina- 
tions as formaldehyde reduces copper. Before adding the kieselguhr it may 
be well to add dry sodium oxalate (about .25 gram for each 100 ml. of juice) 
to remove lime salts. (See page 239.) * 

For juice samples preserved twenty-four hours with Horne’s dry lead 
(20 grams per liter of juice) Harris ® has shown that results corresponding 
with the glucose found in the fresh juice untreated (filtration through kiesel- 
guhr only) may be obtained by the following procedure: To the well-mixed 
leaded juice, unfiltered, add 0.75 gram of powdered oxalic acid for each 100 ml. 
of sample, shake thoroughly, allow to stand a few minutes, and then filter. 
By means of a Spencer glucose pipette (use of which will be explained below) 
make up a solution of this deleaded filtrate of such strength that 50 ml. will 
contain 5, 10, 15, 20 or 30 grams of the juice, depending on the amount of 
glucose present. Taking 50 ml. of this filtrate, proceed with the Herzfeld 
method of gravimetric glucose (233), determining the copper as cupric 
oxide or as copper by the Vorticek-Wedderbmm method, 234 or as both, using 
one method as a check on the other. From the weight of copper the glucose 
may be found by reference to the table on page 517, according to the per- 
centage of sucrose in the juice. 

In his investigation, Harris showed that neutral salts (potassium or sodium 
oxalate, sodium phosphate, and others) are useless as reagents to break up .the 
lead levulosate formed by the presence of the basic lead salt. He also proved 
that results are valueless if the lead precipitate is filtered ofi and the deleading 
agent added to the filtrate. This method, using oxalic acid to delead lead- 
preserved juices for ^ucose work has proved of real value for control tests 
and the establishment of the “ glucose balance ” of the factory. 

; Spencer glucose pipette is similar in principal to the sucrose pipette 
Sec. 284 in that it delivers a certain weight of juice corresponding 
mssm. Ydi. tst il921). No, 10. D. 935. 
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to the observed Brix ( 2 .e., uncorrected for temperature). In the case of lead- 
preserved juices the Brix is taken on a parallel sample preserved with mercuric 
chloride or formaldehyde as previously described. The pipettes listed in the 
instrument-maker’s catabgues are generally made to deliver 50 grams, in which 
case, by adding the 50 grams so delivered to a 500 ml. flask and making to the 
mark with water, each 50 ml. will contain 5 grams of juice, while the use of a 
250 ml. flask will give 10 grams per 50 ml.; by delivering two volumes of juice 
from the pipette, 20 grams per 50 ml.; a second pipette calibrated to deliver 
60 grams may be used with a 200 ml. flask to give 15 grams, and two volumes 
to 200 ml. will give 30 grams per 50 ml. Many laboratories carry glucose 
pipettes calibrated for 20, 30, 40 and 80 grams using a 200 ml. flask to obtain 
the dilution desired. 

McAIlep and Cook ^ recommend neutral lead acetate clariflcation for juices 
for control tests (presumably with samples preserved with mercuric chloride), 
then Altering and adding disodium phosphate — ^potassium oxalate solution 
(see page 239) to an aliquot portion of the Altrate to remove all lime and lead. 
The amount of lead solution specified is 1 gram per 10 grams of juice with 3 ml. 
of the phosphate-oxalate mixture. The Eynon-Lane volumetric method (Sec. 
239) is recommended by them, the solution of juice being so prepared that 
from 25 to 40 ml. (125 to 200 mgs. of glucose) will be used in the titration. 
It is evident that this volumetric method may be used with lead-preserved 
juices, deleaded according to the directions given j?y Harris ^ with powdered 
oxalic acid. 

288. Betennination of the Ash. — Carhonated Ash or Normal Ash . — ^The 
carbonated ash is usually determined only in research work and not in com- 
mercial analysis. Dry 10 grams of juice in a weighed platinum dish, and 
proceed to incinerate the residue as given in Sec. 252. 

Sulfated Ash. — Dry 10 grams of the juice in a shallow tared fused silica 
or platinum dish. Proceed as in 251. Most sugar laboratories continue to 
deduct one-tenth from the weight of the sulfated ash to allow for the increase 
in the weight of ash due to the formation of sulfates instead of carbonates, 
although the official methods of the A, O. A. C. specify that the weight as found 
shall be taken as sulfated ash. Where the practice is to deduct one-tenth the 
calculation becomes: Weight of sulphated ash X 9 = per cent ash. If the 
A. 0. A. C. method is followed: Weight of sulfated ash X 10 = per cent sul- 
fated ash. 

It is usually more convenient to measure 10 ml. of the juice for the ash 
determination rather than to weigh 10 grams. In such cases the calculation 
is modified by dividing by the specific gravity of the juice. 

289. Acidity of the Juice. — By TitraHon with Phenolphthalein. — ^Normal 
cane-juice is always acid. The acidity is generally expressed in terms of the 
number of cubic centimeters (or millimeters) of deci-normal alkali (usually 
NaOH) required to neutralize 10 ml. of the juice, phenolphthalein being the 
indicator most commonly employed. It is necessary to state what indicator 
is used since the end point of different indicators is not the same. Neutrality 

^ Facts About Sugar. Vol. 23 (1928), p. 806. 

^Loc. cU. 
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to phenolphthal^, for example, is defioitdy alkaline to litmus, to cite the 
two commonest indicators in sugar work. 

To carry out the titration, pipette 10 ml. of the juice into a porcelain dish 
or casserole, dilute with about 25 ml. of water which is neutral to phenol- 
phthalein, add two to three drops of neutralized phenolphthalein solution 
(Sec. 430) and then run into the mixture, from a burette, tenth normal sodium 
hyroxide solution (Sec. 448) imtil there is evidence of a pmk color. Record the 
number of milliliters of the alkali used as the acidity of the juice. With dark 
colored juices it is sometimes difficult to distinguish the change in color 
promptly. As an aid to the eye place alongside the dish in which the titration 
is to be made a duplicate one containing the same juice and water mixture. 
If this is nearly neutralized with the caustic solution it will then be possible, 
by comparison with this blank, to note the first approach of the pink color as 
the alkali is added to the test sample. 

pH o/ the Juice , — ^This is the most exact and valuable method of recordmg 
the acidity or alkalinity of juices. For a discussion of the theory and useful- 
ness of the pH numbers, consult the chapter beginning p. 274. It must be 
clearly understood that acidity of the juice by titration and pH will bear no 
constant relation since the former is total acidity, while the H-ion concentra- 
tion (pH) is the effective acidity. 

The pH determination may be made by the spot method (page 280) or 
preferably by dilution witj|} neutral water and comparison with standards in 
tubes as described in 268. The dilution for routine work should be fixed, 
say one part juice to five water. The pH is not generally made on the un- 
treated raw juice but on the mixed juice, after the addition of lime, to deter- 
mine the correct reaction for clarification (p. 46) and for this purpose brom- 
thymol blue (6.0-7.6 pH) and cresol red (7.2-8.6) will cover all the desired 
ranges. The method outlined on p. 280, using diluted dye for thje dilution of 
the juice simplifies the procedure, particularly if workmen axe called upon to 
make the test. 

290. Phosphoric Add Detennination . — Uranium Method , — 

A. Dissolve 35 grams of chemically pure uranium acetate in distilled water. 
To this add 50 ml. gladal acetic add and make up to 1 liter. 

B. Dissolve 100 grams of chemically pure sodium acetate in distilled water 
and add 50 ml. glacial acetic add. Make up to 1 liter. 

Add 1 ml. NH4OH to 100 ml. of juice, addify with acetic acid and add 10 
ml. of solution B, Titrate with solution A, using powdered potassium ferro- 
cyanide on a drop reaction plate as an indicator. The solution usually settles 
sufficiently to allow a small portion of clear liquor to be removed for the end 
point determination. When the end point has been reached the liquor gives a 
Ishown predpitate of uranium ferrocyanide when brought into contact with 
>p^!|asdum ferrocyanide. Solution A should be standardized against an 
' weighed sample of chemically pure tricaldum phosphate, which 

dieedved in nitric add, precipitated by adding a dight excess of 
in a moderate excess of acetic add. 
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The greater portion of the uianium solution should be added in the cold 
but the titration should be finished at 90-100** C. The amount of PgOs 
present is calculated from the milliliters of uranium solution used. 

Phosphomolyhdate Method , — 

A, Standard nitric acid. 

B, Standard sodium or potassium hydroxide free from carbonate. 

The acid solution must be compared to the alkali solution using phenol- 
phthalein as an indicator. Solutions of convenient strength will be 
0.0324 normal, one ml. of such a solution being equivalent to 0.1 mg. 
of PzOi, The caustic alkali solution should be freed from carbonate 
by treatment with barium hydroxide. 

C, Ammonium molybdate solution. Dissolve 75 grams of ammonium 
molybdate in 500 ifil. of water with the addition of a little ammonia. 
Filter if turbid and pour with constant stirring into 500 ml. of a mixtmre 
of 250 ml. of concentrated nitric acid (sp. gr. 1.40) and 250 ml. of water. 
Allow to stand for several days and filter off as used. 

Ash 100 ml. of juice, dissolve the residue in nitric acid in a 250 ml. Erlen- 
meyer fiask and make up to a convenient volume. If sulphuric acid is present 
remove by the addition of a few drops of BaCl 2 solution. Nearly neutralize 
the acid solution with ammonia, warm to about 40° and add 10 ml. of the 
molybdate solution C. Digest the solution for ten or fifteen minutes, increas- 
ing the temperature from 40° C. by warming on the water bath. Close the 
fiask with a rubber stopper and shake for five minutes. 

Filter through a small filter paper and wash with nitric acid (15 ml. of con- 
centrated acid to 1 liter of water) until the washings are free from molybdenum 
as shown by the absence of a precipitate with ammonium sulphide. Now 
wash with a potassium nitrate solution (1 gram in 1 liter of water) until all the 
nitric acid is removed. 

Place the filter paper and phosphomolyhdate precipitate in a beaker and 
add 10 ml. portions of the standard alkali until the precipitate is completdy 
dissolved. Add a few drops of phenolphthalein and titrate the excess alk ali 
with the standard acid. The amount of P 2 O 6 is calculated from the number 
of milliliters of alkali used. 

Pyrophosphate Method.— Bond ® in his work on defecation of sugar liquor 
determined P 2 O 6 by precipitating directly from the juice (after removal of 
CaO) as magnesium ammonium phoi^hate, igniting to the pyrophosphate and 
weighing. 

291. Analysis of Clarified Juice.— The analysis of the clarified juice is 
made by the same methods as that of the normal juice, if the carbonation 
process is used, which is the case in very few factories, the juice must receive an 
additional treatment with carbonic add, after the first carbonation, and before 
the analysis, to predpitate all the lime it contains. 

• J. D- Bond. The Planter, VoL LXXIV (1926), No. 21. 
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ANALYSIS OP THE SIRUP, MASSECUITES, AND MOLASSES 

SiBUP 

292. Analysis of the Sirup.— The tests usually required in the examination 
of a sirup are the density and the percentage of sucrose. In special investiga- 
tions or in tracing inversion, glucose determinations are necessary and the 
sucrose should then be determined by Clerget's method, page 327. pH deter- 
minations are now usually made at intervals of from one to three hours as a 
routine procedure. The colorimetric method, diluting 1 : 3 or 1 : 6, as 
directed for the juice (289) should be used for this test. 

The normal weight of sirup should ordinarily be used for the apparent 
sucrose determination and this should be weighed and not measured with a 
sucrose or other pipette. The solutions for the polarizations should be acidu- 
lated with acetic acid, after clarification with subacetate of lead, but before 
filtration. Clarification with neutral acetate is to be preferred. 

For the usual factory requirements the sirup may be analyzed by the 
methods described for the juice, except that the portions for the tests must be 
weighed and not measured. 

Massbcuites Aim Molasses 

293. Determination of the Density.— The determination of the density of 
massecuites and heavy molasses presents certain dfficulties which cannot 
readily be avoided and which compel the acceptance of numbers that are but 
more or less close approximations, according to the methods used. 

As has been explained, the degree Brix of a solution is the percentage by 
weight of the pure sugar dissolved in it. But in the sugar industry it is usually 
considered to be the percentage by we^ht of solid matters, whether sugar or 
not, in solution. This implies that the solids other than sugar, the non-sucrose, 
are of the same specific gravity as cane sugar. This is practically true so far 
as regards the carbohydrate bodies, but is not for the inorganic salts which are 
associated with the sugars in the massecuites and molasses. These salts having 
such high specific gravity, as compared with the carbohydrates, influence the 
density determinations in a very marked degree. 

Since the ratio of non-sucrose to the sucrose increases with each stage of 
the manufacture, as commercial sugar is removed, the diiSerehce between the 
percentage of total solids, as indicated by the hydrometer, and the 
as ascertained by actually drying the material, becomes larger, 
from these remarks that c^culations of the degree Brix or 
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apparent total solids in massecuites and molasses, from the density of the 
product, must be accepted with caution and then only for comparatiye pur- 
poses when similar conditions of analysis are maintained. 

There is another condition that has not yet been mentioned. The density 
(Brix) of a solution calculated from spindling at one dilution is different from 
that calculated from the hydrometer number ascertained at another dilution. 
Thus, for example, if one part of a final molasses be dissolved in two parts of 
water and this solution be spindled, the Brix of the molasses calculated from 
this spindling will be higher it would be had one part of the molasses been 
dissolved in only one part of water. This difference is partly due to the con- 
traction of the solution of sugar on dilution with water and partly^to a similar 
contraction of the solution of the salts in the molasses. This difference would 
be observed even though one were dealing with a pure sucrose solution instead 
of molasses. Obviously massecuites and molasses are too dense to be directly 
spindled, hence one must accept numbers obtained by dilution and i^indling 
that are at best only comparative. The true solids of a final molasses may be 
from 5 to 10 per cent below the numbers indicated by dilution and spindling. 

The methods of dilution and spindling, given in this book, are those cus- 
tomarily used, and the results must not be considered absolute, but only as 
suitable for comparisons. 

294. Apparent Degree Brix. ‘‘Double Dilution ” and Spindling. — 
Dissolve a weighed quantity of the material in an equal weight of distilled 
water. Transfer a portion of the solution to a cylinder and determine its degree 
Brix. Correct the degree Brix for the temperature error as described on page 
254, and multiply the corrected number by 2 to ascertain the degree Brix of the 
material. This is the customary commercial and factory method. The true 
Brix or percentage of solids is usually sevOTal degrees lower than the apparent 
number obtained by spindling this 1 : 1 solution of the massecuite or molasses. 

296. True Brix or Total Solids by Drying.— This may be determined by 
drying on pumice stone or on quartz sand (247) preferably under vacuum 
and at a temperature of 70° C. Many sugar laboratories use these methods 
at boiling-water temperature and atmospheric pressure. The heating period 
is usually fixed arbitrarily (say five hours) as constant weight at this pressure 
and temperature is not attainable with low-punty materials because of the 
presence of levulose. 

The Spencer electric oven may be used convemently for these materials 
(248). There are indications that the very rapid evaporation in this oven may 
keep the material at a relatively low temperature until drying is nearly com- 
plete, when levulose and other organic materials are not so readily decompos- 
able. Moistureinstrainedhoney (which is very high in levulose) wasdeter^ed 
in this oven i with no appearance of decomposition after twenty minutes 
heating. 

296. Apparent Brix or Solids by Refractometer.— The method of using the 
refractometer has been described on page 264. When dilution and clarificar 
tion of the sample are unnecessary this method gives results that closely approx- 
imate those by drying. 

^ Meade, Eng. Chem., Vol. 13 (1921), No. 10. 
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If tile material contains crystals of sugar these must be dissolved, since the 
refractometer only indicates the solid matter that is in solution. When solu- 
tion is employed the calculation is made as is indicated farther on in this para- 
graph. Dilution methods involve the contraction error of similar methods 
by spindling. The error may be reduced by working with very concentrated 
solutions. If a volume of water be added to a molasses solution, for example, 
the volume of the mixture is not the sum of the volumes, but is a smaller 
number, and the concentration is higher. It is, therefore, necessary as in 
hydrometer methods that the same definite conditions be observed that the 
results may be comparable. 

In the event of testing a highly colored material, the method of Tischt- 
schenko may be used. Mix the material with an equal weight of a solution of 
pure sucrose of known composition and of as high concentration as is practi- 
cable and determine the refractive index. Ascertain the percentage of solids 
in the mixture by means of the table on page 478. The percentage of solids 
in the material is ascertained by deducting the per cent of solids in the sucrose 
solution from twice the sohds in the mixture. The principle of the method of 
calculation for other mixtures is the same as that of the dilution formulae. 

If necessary to dilute the material with water, the calculation is made as 
follows: 

Let X ~ the required percentage of sohds (Brix); 

W = weight of the material used; 
w — weight of the diluted solution; 

then 

Wx ~ bw and x = hw/W. 

297. Specific Gravity. Sidersky^s MetJwd.^ — This method is applicable to 
molasses, but not to grained strikes. 

‘ The apparatus required is a 50-cc. sugar-flask, a suitable heating arrange- 
ment, and a funnel with a glass rod for a stopper. Grind one end of the glass 
rod with moistened emery into the funnel, to form a stopper. Fill the funnel 
with a sample of the molasses, and set it in a cyliadrical iron support, and heat 
carefully with the flame of a lamp. The object of the iron cylinder is to dis- 
tribute the heat. When the material is quite warm, lower the stem of the fun- 
nel into the flask, Hft the glass rod and jfill the latter to within 2 or 3 cc. of the 
mark. Remove the funnel very carefully so as not to smeartheneckoftheflask 
with molasses. Keep the sample hot a few minutes to facihtate the escape of 
the air, then cool it to the room temperature by immersing the flask in cold 
water. Dry and weigh the flask and contents, then reduce the temperature 
of the material to 17 C., and run water into the flask on top of the molasses, 
to the mark. The calculations are shown in the following example: 


Weight of flask and molasses 91 . 570 grams 

Wdght of flask empty. 25 . 275 


Weight of the molasses — 66 . 295 grams 

* Zeitschriffc, 1881, p. 192. 
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Weight of flask, molasses and water 94.672 grams 

Weight of flask and molasses 91.570 

Weight of water (also its volume in cc.) 3.102 grams; 


and 50 — 3.102 = 46.898, the volume of the molasses; 66.295 46.898 — 

1.4136, the required specific gravity at 17§° C. By means ^of the table, page 
482, we find the degree Brix corresponding to this specific gravity to be 79.6*. 

It is very difficult to make a correct test by this method on account of the 
air-bubbles and as wiU be shown in the method of Newkirk (succeeding 
paragraph) the heating causes considerable decomposition and consequent 
reduction of density. Usmg no heat, Sidersky's method is of value for de- 
termining weight per gallon of coxnmercial molasses as the sample is 
received. 

NewMrk^s Method J — The difiiculties met in the accurate determination 
of the density of molasses are due to (1) high viscosity, (2) induded gases and 
(3) dissolved gases. 

As a result of the high viscosity the use of hydrometers is prevented, and 
the thorough mixing or intemoind^ of the various components of the batch 
or sample of molasses is made difficmt. Obviously, in materials of this char- 
acter a representative sample can not be obtained without vigorous agitation, 
which causes entrainment or inclusion of large amounts of air. Finally, the 
viscosity retards the escape of the entrained or included air. The effects of 
included air upon the density of the liquor are too evident to need discussing. 
The removal of the dissolved gases before taking the density 
may in some cases be essential and in others not. 

Investigations at this Bureau established the fact that the 
removal of gases was best effected by the use of a vacuum. 

In order to permit this to be done as readily and effectively 
as possible, an improved pyknometer was designed. 

It consists of a bottle, C (Fig- 116), fitted with an enlarge- 
ment at the tom B, ground opticafiy fiat, and closed with „ 

another optical fiat, A. An expansion chamber, D, is ground {[ d 

to the bottle and fitted with a vacuum connection, To V 

avoid loss of water due to evaporation under reduced pressure, * 
the connecting tube is fitted with a stop-cock, F, so that when ^ 

the proper vacuum has been reached the apparatus can be 
closed off from the vacuum source. With this provision the 
volume to be filled with water vapor is very small and the 
amount of water evaporated will be negligible. The bottle is 
so shaped as to have a smooth gradual ^ope to the top, so that 
the bubbles wiU rise with the least effort to the ei^ansion 
chamber. The joints of the expansion chamber, vacuum con- 
nection, and stop-cock are ground to an accurate fit. 

In using the pyknometer, the expansion chamber, after Pylmometer 
lubrication of all joints with molasses, is placed on the bottle. Molasses. 
The molasses to be analyzed is flowed into the bottle and into 
the e 2 q>ansion chamber until the latter is one-third full. The vacuum Ime is 
then connected and the pressure reduced until the gas expands to visible 
bubbles. The apparatus is immediately closed off by turning the stop;K30ck, 
F, and the whole is placed in the thermostat for accurate work or in the 
balance case for control work. When the bubbles have all collected in the 
expansion chamber and the temperature has reached equilibrium, the volume 

* Bur. Stan. Tech., Paper No. 161. 
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removing the expansion chamber. It is then 

The densities are determined by correcting weights to vacuo and onm 

volume of water at 4° C. in vacuo. They are 
rep^ed m degrees Brux, accordmg to Table 31, on page 459.1 ^ 

^ causc considcrable decomposition of an 

character, the resulting densities being lower than the unheated 
+ w iii<iividual accidental error is within one-tenth of a degree Brix 

better than hitherto attainable. The general run 
of determmations will check to within a few hundredths of a degree Brix. 

298. Weight per Gallon of Molasses. — This is a figure of great commercial 
value since molasses is sold both by weight and by the gallon and the relation- 



Fig. lir.—Balance for Weight per GaUon of Molasses. 


Shp between the two is frequently desired. The torsion balance shown in 
Fig. 117 was designed by H. J Bastone for determining the weight per gaUon 
It is equipped with a beam for tarmg the weighing bottle and a second beam 
graduated in pounds per ga,Uon from 10.80 to 12.05 in 1/100 pound mtervals. 
In an mvestigation of this mstrument Snyder and Hammond ^ found it more 

no?X!l® to fix ^e volume by shding a glass disk over the flat 

po^ed top of the waghmg bottle rather than by wiping off the stopper 
Mto filling the bottle the stopper was inserted and the glass disk was carrfuUy 
shd over Its top surface, thereby removing the surplus molasses. By this pro- 
^ ^ of molasses remained between the disk and the top 

® ®®^bration of the volume of the bottle as weU as the 
direct determinations were made m the same manner. 

Bureau of Standards Teclmologic Paper No. 345. 
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Thdr conclusion was as follows: 

The torsion balance seems entirely satisfactory for most determinations of 
weights per gallon of molasses provided the usual precautions are talcen to 
allow the foam to subside and occluded gases to escape. It is obvious that the 
same precautions must be tai:en in any method of direct determination of 
density or wwght per gaUon of molasses. Any direct reading balance will be 
found useful in commercial work and routine testing as compared with other 
methods since results may be obtained without resort to the tedious calcula- 
tions necessary in a density determination. 


Because of entrained air, heavy molasses will never show an actual wei^t 
per gallon approaching that calculated brom the density obtained in the labora- 
tory. A large series of carefully controlled tests by Wm. B. Saladin at Con- 
stancia, Cuba, showed that the weight per gallon of recently pumped Cuban 
molasses is approximately 86 or 87 per cent of the air-free weight as deter- 
mined from the density. These figures were obtained on molasses of about 
88 apparent Brix, unchanged as it comes from the centrifugal machines. 
Settled Cuban molasses of the same t 3 rpe will weigh about 11.60 to 11.70 
pounPs per gallon. Molasses that has been slightly reduced with water and 
heated before pumping to storage tanks will show weight per gallon figures 
much closer to those obtained from the true density. Refinery barrel sirups 
stored for considerable time in large tanks and filled into tank cars by gravity 
and allowed to settle twenty-four hours before measuring the gallonage 
average about 11.86 pounds actual weight per gallon as against an air-free 
weight of 12.15 determined in the laboratory. This same type of material 


pumped into tank cars shows an average of 11.72 pounds, 
the difference being the entrained air due to pumping. 

299. Weight of a Unit Volume of Massecuite. — ^A modifi- 
cation of Sidersky’s method described in 279 may be used 
to ascertain the weight of a certain volume of massecuite. 
The selection of the unit volume will, of course, depend upon 
whether the cubic foot or gallon or metric measures are 
used. 

A device for making this measurement is shown partly in 
section in Fig. 118. This consists of a cylindrical vessel of 
any convenient size and preferably of metal. The rim of 
the cylinders should be ground true, a strip of metal, CC', 
should be provided, which extends from side to side of the 
cylinder and supports a glass tube drawn to a capillary, as 
shown in TT'. Pins PP' in the rim of the cylinder and 
fitting in corresponding holes in the strip of metal insure 
replacing the latter always in the same position. Fill the 
cylinder to approximately the point w with massecuite, 
place the capillary tube in position, then run in water from 
a burette very cautiously until the tube is reached. The 
instant the water reaches the tube it rises some distance 



Fig. 118 . 
Apparatus for 
W eighing a Unit 
Volume. 


into it by capillarity. This may readily be noted and more plainly if colored 
water is used. A previous determination of the volume of the cylinder to 
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the bottom of the tube should be made with water. With this volume and 
that of the water required to complete the volume with the massecuite, that 
of the massecuite is readily ascertained and may be compared with the weight 
of the material. 

In making this test the massecuite should be of the temperature at which 
the measurements of this product are to be made in the factory, and correction 
for the expansion of the cylinder should be applied. 

It is evident that this method cannot be used where vibrations of machinery 
are felt. 

300. Routine “ Purity ” Determinations. — For the ordinary purposes of 
the factory, for the control of the various processes of manufacture, especially 
the vacuum-pan and crystallizer work, the absolute percentage of sucrose is not 
required. The relation, however, between the apparent per cent sucrose 
and the degree Brix (the coefficient of purity), is frequently needed, but not 
with a great degree of absolute accuracy. The most important point in con- 
nection with this work is to adopt certain conditions of analysis and adhere to 
them with all similar materials, in order that the results may be comparable. 

The ordinary ^‘water purity^^ which is so generally used in refinery practice, 
is appHcable for this purpose. Dissolve the massecuite or molasses in water 
and dilute the solution to any convenient Brix between 15 and 20®. Mix 
thoroughly, allow to stand until all air is removed (or use vacuum connection 
as described on page 255 to aid air removal) and determine the Brix with a 
standardized hydrometer, making the temperature correction and hydrometer 
correction as directed in (243). After Brixing add to a portion of the solu- 
tion (measured approximately) sufficient Hornets dry lead subacetate to 
clarify; then add a spoonful of dry kieselguhr and filter through a rapid filter 
paper. To 50 ml. of filtrate in a 50-55 ml. flask add dilute acetic acid until the 
contents of the flask are acid to litmus, then make to the 55 ml. mark. Polarize 
in a 200 mm. tube and add one-tenth to the reading to correct for the extra 
dilution. If the solution is so diluted that the corrected Brix falls between 12° 
and 20° Hornets expanded table on pages 493-511, may be used to obtain the 
coefficient of purity. If the corrected Brix does not fall within the range of 
the table the purity may be calculated by using the table of factors calculated 
by Rice from Casamajor^s formula modified for hydrometers standardized 
at20°C. 

In a modification of the above, which obviates acidification and one-tenth 
dilution in a separate flask, the lead-salt is added as directed above and well 
shaken to make sure that the clarification is correct. Then dry powdered 
oxalfc acid is added a little at a time imtil the leaded solution is faintly acid to 
litmus, after which keiselguhr is added, the whole is thoroughly mixed by vio- 
lent shaking and filtered. The filtrate is polarized in a 200-mm. tube and the 
purity determined as before. 

The coefficient of purity is all that is usually required in these tests. As 
the amount of lead used has considerable effect on the purity of low-grade 
material it is well to use the same amount for tests on similar grades. For 
hi^er purity materials than molasses and factory massecuites no acidification 
is necessary. (See directions for the use of Hornets Table, p. 493.) It should 
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be noted that because of the large dilution of the material the coefficient is 
lower than when determined by “ double-dilution ” methods. 

301. Detennination of Sucrose (Polarization). — ^For the purpose of com- 
paring the commercial sugar produced in the various periods, or runs," of 
the crop as well as determining the total loss of sucrose it is essential that the 
final or commercial molasses samples be analyzed to obtain correct results as 
nearly as the processes of analysis will permit. Both apparent sucrose 
(“ polarization ’0 and true sucrose (Clerget) are required for these records. 
The best and most convenient method is to make these determinations on the 
1 : 1 sample made up for the. Brix by hydrometer (294). Average daily 
figures for the apparent Brix, sucrose and purity of the various grades of mas- 
secuites and molasses (besides final molasses) are also generally recorded and 
these are determined by the same methods. 

For the apparent sucrose, weigh one normal weight of the 1 : 1 solution 
into a 200 ml. fiask (or one-half normal weight of tindiluted material if pre- 
ferred) add a miniTnum of 54 Brix lead subacetate solution to effect good clar- 
ification, make to the mark, shake thoroughly and filter. Place 50 ml. of the 
filtrate in a 50-55 ml. fiask and acidify with dilute acetic acid making to the 
mark with water. A solution of acetic acid of such strength that 5 ml. wiU just 
acidify the 50 ml. of filtrate may be prepared for routine tests. The amount 
of lead for a given grade of material need not be varied greatly, if at all, from 
day to day, and for routine work it is well to prescribe limits for the quantity to 
be added because of the effect of an excess of lead on the results. Polarize the 
acidulated solution in a 200-mm. tube and multiply by 4.4 for apparent 
sucrose. 

For dark-colored final molasses the normal weight of the 1 : 1 solution in a 
300-ml. fiask should be used in which case the polariscope reading is multiplied 
by 6.6. This multiplication increases any error m reading but it is more 
accurate than attempting to read a darker solution such as would be obtained 
with less dilute material. 

302. True Sucrose by Clerget. — ^This figure is rarely determined on any 
low-grade material except final molasses, so the directions here given are for 
that grade only. Any of the three Clerget modifications, Herzfeld^s (224), 
Steuerwald’s (225) or Jackson-Gillis Method IV (236) may be employed, 
but the latter is preferable. If either the Herzfeld or the Steuerwald 
methods are chosen weigh two normal weights of the 1 : 1 solution (or 
one normal weight of the original molasses if preferred) into a 300 ml. fiask. 
Add sufficient lead for clarification, then alumina cream, make to the ^lark 
with water and filter. Delead the filtrate with pulverized dry sodium or potas- 
sium oxalate. Then filter and proceed with the directions as given imder the 
method selected (224, 226). The direct and invert polarization readings 
should be multiplied by 6 to give P and I for the calculations. 

For the Jackson-Gillis method weigh out the same amount of molasses as 
for the other methods (i.e,, two normal weights of 1 : 1 solution or one normal 
weight of the original) in a 300-ml. fiask, make to the mark and mix. Pour 
the solution out in a cylinder, add sufficient Home’s dry lead to clarify, avoid- 
ing an excess. A weighed amount can be prescribed for routine work. Mix 
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by violent shaking and filter. I3eleading is not essential. Pipette two §0 ml. 
portions of the filtrate in two lOQ-ml. fiasks and proceed as directed in 226. 

Polariscopic readings (both direct and invert) should be the average of 
several concordant observations. Multiply these average readings by 6 to 
obtain the values for P and P'. Divide P — P' by 3 (the solution weighed 
out originally was one-third normality) and select the value so found in the 
table on page 524, opposite which will be found the factor for that concentra- 
tion. Deduct the temperature correction as found in the same table from the 
factor and calculate as follows: 

10C(P -- PQ ^ 

F 

303. Glucose Determination. — ^The amount of molasses or massecuite 
taken depends upon the percentage of glucose present. Convenient weights 
for final molasses are 5 grams in 500 ml. if the glucose exceeds 26 per cent; 
7.5 grams to 500 ml. for glucose between 18 per cent and 20 per cent, and 10 
grams to 500 ml. for glucose between 18 per cent and 10 per cent; giving 
respectively 0.25, 0.375 and 0.5 gram in the 50 ml. to be used for the test. 
Prepare the solution by adding kieselguhr and 0.25 gram dry sodium oxalate 
after making to the mark. (See 230). The addition of the oxalate is recom- 
mended to remove the lime-salts which lower the copper reducing power of 
the glucose. Filter and take SO ml. of solution, determining the glucose gravi- 
metrically by the Herzfeld method (233). The copper precipitate may be 
oxidized to cupric oxide, or reduced to metallic copper by the Vorticek-Wed- 
derbum method (page 243), or determined in both ways as a double check. 
The percentage of glucose is found by reference to Rice's Expanded Meissl- 
Hiller Tables, p. 512. 

The solution may also be prepared by taking double the proportions indi- 
’ cated above, clarifying with neutral lead acetate (3 ml. for each 10 grams of 
molasses) filtering and deleading and decalcifying an aliquot portion of the 
solution with 10 ml. of the mixed solution of disodium phosphate and potas- 
sium oxalate recommended by Cook and McAUep (page 239). This method 
will remove any reducing non-sugars predpitable by lead. 

The first method should be used if the method described on p. 316 for lead- 
preserved juices is employed. Harris ® proved that deleading the unfiltered 
lead-preserved juice with oxalic acid as prescribed gives results which conform 
with untreated juice. In other words, the total reducing substances are deter- 
mined in the juice, and for purposes of the “ glucose balance ” the same pro- 
cedure would appear to be correct for the molasses and the sugars. If the 
method of Cook and McAUep is used for molasses it should also be used for the 
juices, which precludes the preservation of the juicesampleswith dry basic lead. 

The Eynon-Lane volumetric metirod (239) may be used with either 
method of preparation of the solution, provided the Ume is removed. The 
^pe^^tratrons reco mmend ed for the gravimetric determinations wiU serve 
,v^Wietiic also. 

Vol. 13 (1921), p. 925. 
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d04. Deiemunatioii of the Ash. — Using 3 or 4 grains of molasses (accurately 
weighed) proceed with the sulfated ash method as described in 261. The 
deduction of one-tenth for the sulfating may be omitted if the ash in all pro- 
ducts is calculated in the same way. (See page 270.) 

306. Acidity and Alkalinity. Qualitative Tests.-^lutions of massecuites 
and molasses are usually so dark-colored that the usual tests for acidity or 
alkalinity cannot be made. Buisson ® advises the foEowing method: Transfer 
25 cc. of a solution of the material to a glass-stoppered flask; add one drop of 
neutral corallin solution and 10 cc. of washed ether. Agitate thoroughly and 
then wait a few seconds for the ether to separate and rise to the surface. The 
slightest excess of acid or alkali in the ether reacts upon the corallin and 
changes its color to a yellow or red as the case may be. The water 
used in dissolving the material must be distilled and the ether must be 
neutral. 

In the experience of Dr. Spencer the success of this method depends largely 
upon the quality of the corallin. He uses the alcohol soluble corallin as pre- 
pared for staining in noicroscopy. Instead of one drop of the solution he uses 
several drops of the corallin dissolved in alcohol. 

306. pH Determinations. — Colorimetric pH determinations are out of the 
question on dark low-grade products such as molasses or solutions of masse- 
cuites. Electrometric methods may be employed but 
in general the results are not of interest except in 
special investigations. 

307. Estunation of the Crystallized Sugar in Mas- 
secuite . — Karcz Method ,'^ — ^This method, as applied to 
raw sugar, will be first described, then its application to 
a massecuite: Weigh 30 to 50 grams of raw sugar and 
transfer it to a glass dish containing an equal weight 
of pure anhydrous glycerine. Mix the sugar and 
glycerine intimately with a glass rod, and place the 
dish in a desiccator over fused calcium chloride or 
strong sulphuric acid. Repeat the mixing from time 
to time irntfi the crystals are well separated and the 
molasses uniformly distributed in the glycerine solu- 
tion. This preparatory work requires fifteen minutes 
and upwards. Place a plug of dry filtering-cotton in 
the funnel of the apparatus shown in Fig. 119; transfer 
the mixture to the funnel and replace the cover. Filter 
off the glycerine solution, using a filter-pump. The 
mixture should be protected from the moisture of the 
air during filtration by a calcium chloride tube, as 
shown at the top of the funnel-cover in the figure. 

Since the anhydrous glycerine absorbs moisture 
with great rapidity, its contact with moist air should 
so far as possible be avoided. 

« Bulletin de TAssociation des Chimistes de France, 9 , 697. 

^ Zeit. Riibenzucker-Industrie, 81, 500. 



Fig. 1 19. — ^Karcz's Ap- 
paratus ' for Crystal 
Content of Massecu- 
ites. 



330 ANALYSIS OF SIRUP, MASSECUITES AND MOLASSES 


Polarize the normal weight of the glycerine filtrate as obtained above and 
calculate the crystallized sugar by the following formulsB:^ 

X » sucrose in the molasses attached to the <nystals; 

P « per cent sucrose in the raw sugar; 
p per cent sucrose in the glycerine filtrate; 

200 — P 

X — p and P — a; « the percentage of crystallized sugar. 

Example. — ^Polarization of the raw sugar — 95-6; polarization of the fil- 
trate s® 6.75. 


6.75 = 7.55; and 956 -7.55 =88.05 

100 — 0.75 

the percentage of crystallized sugar. 

In view of the large proportion of glucose usually present in cane products, 
to apply the method to massecuites the sucrose x, P, and p, in accurate work, 
should be ascertained by the modified Olerget method, page 231. This is not 
the case in the following modification of Karcz's method by Perepletchikow: ^ 

Transfer the normal weight of the massecuite, treated with an indefinite 
quantity of anhydrous glycerine, as described above, to Karcz’s apparatus and 
filter off the glycerine solution. Wash the crystals with repeated portions 
of glycerine until the filtrate is no longer colored. Remove the funnel from the 
apparatus and wash the crystals into a sugar-fiask and polarize them. The 
polariscope reading is the percentage of crystals in the massecuite. 

Dupant^B Method ,^^ — This method usually requires double polarization 
with cane products. 

Heat a quantity of massecuite of known polarization, for example 500 grains 
to 85° C., and purge the sugar in a small centrifugal, such as is shown in Fig. 
130. The sieve of the centrifugal should be covered with thin flannel. Dry the 
sugar as thoroughly as possible by means of the centrifugal. Polarize the 
massecuite, the crystals and the molasses. Calculate the percentage of crys- 
tals by the following formula: 


Let X = the weight of crystallized sucrose in one part of massecuite; 
a = polarization of the massecuite; 
p = polarization of the crystals; 
p'= polarization of the molasses. 


d — 

.. X and 100a? 

p 

massecuite. 


the crystallized sucrose in 100 parts of 


*Zeitsghrift j. Zuckedndustiie Boh^ Jan., 1895. 

* 189^ 18 , 346. Buh Associaiioxi dee Chimistes, 12 , 407. 

^ lia^nsel-Ageoda des Fabncants de Saore, Gallols et Dupont, 1891, p. 293. 
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Example. 

Let a = 84.5; 

V = 100 ; 
p' = 60.6. 

84.5 - 60.6 

^ ;:Tr' = 0.6066 and lOOo; = 60.66, the percentage of crys- 

100 “ 60.6 » 

tals in the massecuite. 



CHAPTER XXVIII 


ANALYSIS OP SUGARS 

308. Polarization.— Weigh the normal weight of the sugar in a nickel cap- 
sule. Add sujEcient water to moisten the sugar, waiting a moment for the 
water to penetrate the mass. The moist sugar may usually be poured slowly 
into a narrow-neck 100-ml. jSask without difficulty. A little practice is neces- 
sary to accomplish this expeditiously. If difficulty is experienced, a special 
funnd of nickel (see page 213) should be inserted and extend just into the body 
of the flask. The sugar may be readily washed through the funnel. The 
capsule, funnel and neck of the flask must be washed with a jet of water. 
Care should be observed not to use more than about 60 ml. of water in these 
operations. The flask should be well cleaned before use (see page 216) to pre- 
vent water from adhering to the neck. Dissolve the sugar by imparting a 
rotary motion to the flask. Hold the flask above the level of the eye occa- 
sionally to see whether all the crystals are in solution. It is essential that no 
sugar be left undissolved before proceeding to the clarification* A mechanical 
dissolver should be part of the equipment of all laboratories doing many polari- 
zations. The Multer dissolver shown on p. 213 serves very well. 

Having dissolved the sugar, add from 0 to 8 ml. of subacetate of lead (64.3 ®) 
the quantity depending upon the grade of the sugar. White sugar requires no 
lead, but should usually receive a little alumina cream to facilitate filtration. 
High-grade centrifugals require from 1 to 2 ml, and low sugars, according to 
their grade, up to about 8 ml. of the lead solution. After mixing the sugar and 
lead solutions add about 2 ml. of alumina cream and complete the volume to 
100 ml, washing down the neck of the flask. If foam interferes with this 
operation it should be broken down with a drop of ether. The water should 
be of the temperature of the polariscoperoom and the flask should be held by 
the upper part of the neck during the manipulations, to prevent warming the 
solution. If drops of water adhere to the neck of the flask they should be 
absorbed by a strip of fllter-paper. 

Having finished these operations, cover the mouth of the flask with the 
thumb and mix the solution thoroughly by violent shaking. Pour the entire 
contents of the flask upon a folded filter in a stemless funnel. Rinse the receiver 
with the first portions of the filtrate and in all reject fully 25 ml. of the filtrate. 

Hardin and Zerban^ have shown that with perfectly dry filter paper 
(which is prescribed by the International Commission for Uniform Methods of 
Sugar Analysis) there is an adsorption of water from the sugar solution which 
may cause an increase in polarization of more than 0.1 V. By rejecting a full 

‘The Planter. Vd* 78 (1934). No. 20. 
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25 ml. of the filtrate this adsorption effect is largely, if not entirely, avoided. 
If very moist paper is used the results may be lowered by the water given up 
by the paper to the solution. This rejection of the first quarter of the filtrate 
is mandatory in the Official Methods of A. 0. A. C. If the solution is not run- 
ning clear after 25 ml. have passed through the paper the test should be dis- 
carded. The filtration will be rapid anl the filtrate bright if the proper 
amoxmt of lead subacetate has been used. Should the filtrate be cloudy, the 
whole operation should be repeated, changing the quantity of lead rather 
than attempt to clear the solution by refiltration. The funnel should be so 
large that the paper will not project above it and during the filtration funnel 
and paper should be covered with a clock-glass. 

The polarization is made as usual. The polariscope ^ould be tested with a 
standardized quartz plate before and after use, and the reading should be cor- 
rected if need be. The cover-glasses should be carefully selected and be free of 
flaws and scratches. The sections 219, 221, relative to the infiuence of clari- 
fying agents and temperature, should be consulted. 

Dr. W. D. Home's dry-lead method may be used with high-grade sugars. 
After dissolving the sugar, dilute the solution to 100 ml. and add sufficient dry 
subacetate of lead for clarification, carefully avoiding the use of more than is 
necessary. Also add a little dry sand to break up particles of lead precipitate 
that might occlude sugar solution. Close the fia^ with the thumb and shake 
it vigorously to mix its contents. Filter and polarize as has been described. 

309. “ True Sucrose ” by Clerget's Method. — ^Dissolve 52 grams in a 200 
ml. flask. Add 4 to 6 ml. of lead subacetate solution (54 Brix) and 1-2 ml. of 
alumina cream, make to the mark, shake thoroughly and filter. Delead the 
filtrate by adding dry sodium oxalate, a little at a time avoiding an excess; 
mix and filter. Pipette two 50 ml. portions into each of two 100 ml. flasks and 
proceed with one of the Clerget modifications described in Secs. 224, 225, 226. 
If the Jackson-Gillis Method IV (which is preferable) is selected the deleading 
of the filtrate with oxalate may be dispensed with, the 50 ml. portions being 
pipetted from the lead-clarified filtrate. Calculate the Clerget Sucrose ac- 
cording to the method selected. 

The relationship between the Clerget sucrose and the direct (commercial} 
polarization of a raw sugar depends upon the amount and character of the 
reducing sugars present. If the levulose and dextrose are present in about 
equal quantities (that is, if the reducing sugars are in the form of invert sugar) 
the Clerget will be higher than the direct polarization by about one-third of the 

S - P 

percentage of reducing sugars.® Expressed in symbols the ratio is — j — — 

.333. If the levulose is in less proportion the ratio will be lowered and the 
Clerget and commercial polarization will be closer together. If the levulose 
is still further reduced the Clerget may be actually lower than the direct 
polarization. Zerban and Hardin ® showed that there is a seasonal variation 
of the (S — P)/I ratio in the raw sugars received at the New York Sugar 
Trade Laboratory. Composite samples of all sugars received during each 

® Browne, The Planter. Vol. 61 (1918), p. 202. 

* The Planter. Vol. 77 (1926), No. 6. 
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week were analyzed; commercial polarization, isucrose by invertase and by 
Jackson-Giliis Method IV, and reducing sugars were determined. In calcu- 
lating the (S — P)/ J ratio S was taken as sucrose by the invertase method and 
P the direct reading on the ddeaded sample for the invertase method. (The 
direct reading in the Jackson-GiUis Method IV is always low because of the 
depressing effect of the added sodium chloride.) The results indicated three 
different periods in the year, viz., (1) January to April when fresh normal 
sugars were received and the ratio was 0.291, (2) May, June and July when the 
ratio was low, probably due to the presence of levulose destroying torulae, and 
(3) August to December when the ratio rose again, due to inversion of the 
raws in storage by mold fungi and bacteria. A summary of the relationship 
for the three periods follows: 


Period 

Commer- 
cial Polari- 
zation 

Direct 
Reading for 
Invertase 
P 

Sucrose 

by 

Invertase 

S 


I 

(S-P)/I 

Jan. to Apr. 
May, June 

96.37 

96.24 1 

i 

96.56 

96.65 

1.11 

0.291 

and July. 

96.25 

96.10 1 

96.25 

96.32 

1.18 

0.139 

Aug. to Dec. 

95.95 

95.75 

96.05 

96.09 

1.36 

0.230 

Year, 1925. 

96.16 

96.00 1 

1 

96.28 

96.34 

1.23 

0.230 


In the 52 weekly analyses, 42 showed sucrose by invertase higher than the 
commercial polarization; in one case the two figures were the same, while in 
the nine other cases the Clerget by invertase was lower than the ordinary 
polarization. 

310. DetermiaatioiL of Glucose. — For the ordinary run of 96® raw sugars 
containing less than 1.5 per cent of glucose, use Herzf eld’s Gravimetric Method 
No. II (Sec. 236). Forty grams of sugar are weired into a 200 nd. fiask, dis- 
solved in water and made to the mark. After mixing.well add dry kieselguhr 
and 0.25 gram (approx.) of dry sodium oxalate (the latter to remove lime salts), 
and filt^; 60 ml. of the filtrate being used for the determination. Clarifica- 
tion may be effected with neutral lead subacetate (about 3 ml.) then filtering, 
after which the mixed solution of disodium phosphate and potassium oxalate 
(3 grams -f 7 grams: 100 ml.) according to Cook and McMep (Sec. 230) is 
used in an aliquot portion of the filtrate to decalcify and delead. The volu- 
metric method of Eynon and Lane (See. 239} may be selected, either 
method of clarification. 

If the sug^ is of low^ test and oontaina more than 1.5 per cent and leas 
than 3.5 per o^t ^ucose weigh 20 grams to 200 ml., if more 3.5 per cent 
glucose, 10 grams to 200 ml. For calculating the results with the gravimetric 
method (H^^zfeld No. I) use Rice’s Tables, p. 513. The above concentrations 
of solution s^e for the Eynon-Lane method 
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311. Estimation of the Moistore. — The method of drying sugars in an 
ordinary oven is described in Sec. 247- As a rule a fixed drying period (3-4 
hours) is used in sugar laboratories, rather than attempting to dry to constant 
weight. 

The Spencer electric oven has proved both rapid and accurate for 
sugar moisture determinations. It is particularly valuable in controlling the 
percentage of moisture in sugars as produced in order to insure good keeping 
quality of the raws in storage (see Factor of Safety,” p. 139). The method 
of drying sugars in the Spencer oven is described in Sec. 248* 

312. Determination of the Ash. — ^The sulfated ash method as described in 
p. 269 is generally used in both factory and commercial testing. Weigh 5 
grams of sugar in a platinum or fused quartz dish, add 0.6 ml. of concentrated 
sulfuric acid, ignite gently until fully carbonized, then at low red heat in a 
muflBle add a few drops more of acid, ignite to constant weight and weigh. 
Express the result, without deduction, as sulfate ash or deduct one-tenth, 
depending on the practice employed. (See p. 270 concerning deduction.) 
The ash may be determined electrometrically as given in 263, 264* 

313. Determination of Gums. — ^The percentage of crude gums in a raw 
sugar is known to affect its working qualities in the refinery, though the deter- 
mination is not generally included in routine procedure. The results of the 
determination are dependent upon many factors, and strict adherence to the 
technique and method is essential for comparable results. 

Ruff and Withrow * specified the following details after a careful study of 
the various methods in the literature. Dissolve the sugar in an equal wdght 
of water. If the sample is a solution (e.g., juice or sirup) concentrate or dilute 
to about 50 per cent of solids. With materials of a high gum content use 5 
grams of solids (10 ml. sample); with those of low gum content use 10 grams 
(20 ml. sample). Sodium benzoate (0.5 per cent) may be used to keep sirup 
for gum analysis. (Suspended matter in ordinary raws may be disregarded. 
For juices containing much suspended matter filter through asbestos.) 

Add to the sugar solution 0.5 ml. of concentrated hydrochloric acid for the 
10 ml. sample, and 1.0 ml. of acid for the 20 ml. sample; then add 50 ml. of 
93 to 96 per cent (by volume) alcohol to the 10 ml. sample, and 100 ml. of 
alcohol to the 20 ml. sample. This precipitation is conducted preferably in 
beakers of 250 ml. capacity, the alcohol being added from a rather slow 
ddivery pipette, while the mixture is thoroughly and vigorously agitated. 
The precipitate is allowed to settle for fifteen minutes before filtering, to 
avoid slow filtering. 

The filtration is done through an asbestos mat Gooch crucible, this type of 
crucible havmg been found to be superior to alundum for this work. The mat 
should contain at least 0.20 gram of dry asbestos. It is unnecessary to wash 
the mat free from fine fibers or to weigh the crucible before filtering the gums. 
The vessel containing the precipitate should be drained before rinsing, and the 
rinsings of wash alcohol should not be added before the last drop of original 
Kquor has passed through the mat. The precipitate is then washed with alco- 
hol of the same strength as that used for the precipitation. 

< Ind. Eng. Chem. Vol. 14 (1922). No. 12. 
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After washing, the crucible is dried at 100®-105® C. to constant weight, one 
hour usually being sufficient. The crucible is cooled in a desiccator and accu^ 
rately weighed on an analytical balance. After drying and weighing, the 
crucible is ignited to complete combustion of the carbon. The crucible is 
agqin cooled and weighed. The difference between the weight after drying 
and the weight after ignition represents the dried gums. For very accurate 
work, or where the precipitate to be weighed is very small, a correction must 
be applied for the loss in weight of the dried crucible and mat during ignition. 
This correction may be determined once for all for any crucible and mat. The 
mats are nearly constant in weight if prepared by using the same volume of a 
standard stock solution of asbestos thoroughly shaken in water for each 
determination. 

The alcohol used for precipitating purposes must be from 93 to 96 per cent 
by volume. Either pure ethyl alcohol, or alcohol denatured with methyl alco- 
hol alone, is preferable for gum precipitation. All alcohol should be ffitered 
before use. It is advisable to use the same strength alcohol for washing as 
was used for precipitating the gums. Occasionally a little acid in the wash 
alcohol will speed up the hltration. 

314. Dye Number. — ^This is a method of estimating the relative amount of 
colloids in a sugar and is described in detail in 152. It is used largely as an 
indication of the iiltrability of raw sugars in the refinery. 

315. Iron in Sugars. Sulphide Colorimetric Method.^ — ^This test is 
rarely used except in special work. Prepare a stock solution containing 10 
grams of pure crystallized ferrous sulphate, FeS04-7H:s0 dissolved in a 50-60 
per cent sucrose solution, with the addition of a few drops of sulphuric acid, 
and dilute to 1000 ml. with the sugar solution. The acid should be very largely 
diluted before adding it to the sugar solution. 

Dilute this stock solution with distilled water, from time to time as required, 
s.p., 10 ml. to 100 ml. and 50 ml. of this solution to 500 ml. 

The tests are made in Nessler's cylinders, a number of which of the same 
diameter and height should be provided. Into a series of these cylinders 
messure increasing amounts of the diluted stock solution, noting the quan- 
tity of iron in each, and dilute each to 100 ml. Add a milliliter of recently 
prepared monosulphide of ammonia to each and stir. Dissolve 3 to 10 grams 
of the sugar in a Neesler’s cylinder, dilute the solution to 100 mL and add 
2 mL of the sulphide solution. Let the cylinders stand ten minutes and then 
match the color of that including the sample with one of those containing the 
stock solution. Both then contain the same quantity of iron, t,e.f the quan- 
tity of iron in the sugar used. The cylinders should stand on white paper in 
makli^ the oompaiisons. 

The sulphide is prepared by saturating ammonium hydroxide with sul- 
phuretted hydrogen and then adding an equal volume of ammonium hydroxide. 
La the case ci dark sizars, incinerate the sugar, with the addition of iron-free 
fl^pluiric add, burning at the lowest posdble temperature. Dissolve the ash 
in a minimuin quantity of iron-free hydrochloric acid and proceed with this 
solution as has been described. 

^ Eastick, Ogilvk and linfield, Iht. Sugar 14, 428. 
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316. Color of Sugars. — ^The color of raw sugars has become an important 
figure both for the producer and the refiner. It may be determined in any of 
the several ways described in the chapter on color determinations, p. 284. 
The two simplest instruments for routine laboratory use are the Hess-Ives Tint 
Photometer (263) or some form of Duboscq colorimeter (262). For either 
instrument prepare the solution as follows: 

Weigh 125 grams of sugar into a taxed Erlenmeyer fiask including stirring 
rod, then add boiling water a few milliters at a time, stirring vigoroudy and 
constantly until solution is complete, being careful that the total weight of 
sugar and water does not exceed 200 grams. The brix of the solution must at 
aU times be 60® or above to avoid coagulation of colloids (see p. 285). The 
solution is allowed to cool and the necessary amount of water is added to com- 
plete the weight to exactly 200 grams. Add a weighed quantity of washed 
and dried kieselguhr and ^ter repeatedly until the solution is free from tur- 
bidity as evidenced by a slanting beam of light against a dark background. 

For the Hess-Ives instrument, place this solution in a cell of suitable 
thickness (3 mm. or 6 mm. depending on color of solution), read through 
“660” screen, recording as Meade-Harris units (p. 292) and calculate to 
1 cm. thickness. Color units are proportional to cell thickness ( —log t values 
may be obtained by the use of the Rice scale, p. 293). For any of the Duboscq 
instruments, place the clear solution in one of the tubes and a standard caramel- 
in-glycerine solution in the other, set the standard at any convenient figure 
(say 20 mm.) and compare the length of the test column solution required to 
match the standard. Calculate the color as described on p. 288. 

If dilution of color is necessary this is accomplished by the addition of the 
requisite amount of a 60® Biix colorless sugar solution (see 285). 

It is recognized that this procedure is not of value except for comparative 
purposes. Kieselguhr has a selective adsorptive action on color but the other 
methods of preparing optically void solutions are so tedious and open to 
question (see p. 285) that the kieselguhr is advocated for routine comparative 
tests because of its simplicity. The methods given above should give results 
as accurate as are required by the raw sugar producer for his purposes. For 
special work in conjunction with refinery char-filter studies a complete color 
analysis by the spectrophotometer is of great value. (See p. 293.) 

317. Die Dutch Color Standards. — Foreign sugars, on entering certain 
countries, pay duty according to their polarization and color. If their color 
is No. 16 Dutch standard, e.g., or lighter, they pay a higher rate of duty than if 
darker than this standard. 

The Dutch color standards consist of a set of samples of sugar numbered up 
to 20, which is white sugar. These are prepared by an establishment in Hol- 
land and are supplied the sugar trade in sealed bottles. The samples should 
be renewed from time to time, since the color of the sugar is not permanent. 

Centrifugal 96® sugar will usually be darker than No. 16, especially when 
molasses is boiled in with the first sugar. The chemist of a tropical sugar 
factory should be supplied with a sample of No. 16, so as to avoid the ship- 
ment of sugar of this color or lighter to certain countries and consequent 
loss to the factory-owners. 
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318. Rendment. — ^The rendment is the estimated yield of refined sugar 
that a raw sugar will produce based on refining experience. With the almost 
complete disappearance of low-grade sugars from the raw sugar market, the 
polarization and certain '' refining qualities ’’ (see p. 141) are sufficient to deter- 
mine the percentage of yield to be expected. Formerly, American refineries 
deducted five times the percentage of ash from the polarization of the raw 
sugar to obtain the percentage rendment or the analysis of the sugar. 
This practice has now become obsolete. 
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ANALYSIS OF THE HLTER-PRESS CAKE 

319. Preparation of the Sample.— The sample of press-cake obtained as 
directed in 274, should be reduced to small fragments and mixed by means of a 
spatula or large scissors. If the cake is very soft it may be necessary to rub 
it to a paste in a large mortar, then subsample it. With good cane and careful 
management the press-cake will be firm and the sample may be readily reduced. 

320. Moisture Determmation. — ^Dry 5 grams of the press-cake, in a shallow 
tared dish, to constant weight in a water-oven at approximately 100*^ C. 
The loss of weight X 20 - percentage of moisture. 

The sample should be partly dried at a low temperature before heating the 
oven to 100® C., otherwise the surfaces of the fragments of press-cake may be 
covered with a glazed coating which would prevent the escape of moisture. 

Moisture may be determined on a large sample in the Spencer electric 
bagasse oven (323) or in a smaller amount (5 grams) in the oven used for sugar 
moistures (248). The bottom of the capsule should be covered with asbestos 
to prevent dust being pulled through the wire-mesh by the air current. Mois- 
ture in press-cake is not usually included in the daily routine tests as the 
appearance of the cake is sufficient guide to the factory superintendents and 
the pressmen. 

321. Sucrose Determmation* — Transfer 25 grams of filter-press cake to a 
small mortar. Add boiling hot water to the sample and rub it to a smooth 
cream with the pestle. Wash the material into a 100-ml. 
flask with hot water, cool, add 6 mL subacetate of lead 
solution (54.3® Brix), complete the volume to 100 ml., mix 
the contents of the flask thoroughly, filter, and polarize. 

The polariscope reading is the percentage of sucrose in the 
press-cake. 

It is usually more convenient to use 50 grams of the 
sample, and add the subacetate of lead while rubbing the 
material to a cream and wash all into a 200-ml. flask. 

This facilitates the removal of the last portions of the 
press-cake from the mortar. A flask with the neck enlarged 

above the graduation is more convenient in this analysis 120. Kohl- 

than an ordinary sugar-flask (Fig. 120). rausch Flask. 

The object in using 25 grams of the material in this 
analysis instead of the normal weight is to correct for the volume of the lead 
precipitate and that of the insoluble matter. 

Parallel experiments, on a sample of filter-press cake, by the method 
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described, and also modified by adding acetic acid, after cooling, to decompose 
saccharates of lime and precipitated levulose, gave in each 9.6 per cent of 
sucrose. A third portion of this sample was rubbed to a cream with hot water 
and defecated with subacetate of lead, then washed onto a filter. The wash- 
ing was continued with very hot water to nearly 200 ml. of filtrate. The filtrate 
was cooled and diluted to 200 mi. and polarized, giving a reading of 4.6. The 
residue was washed into a sugar-flask and diluted to 100 cc. and filtered. The 
filtrate polarized 0.5. The sum of 4.6 X 2 -f 0.5 is 9.7, or nearly the same as 
in the other two experiments, showing that 25 grams is approximately the cor- 
rect amount of average material to use instead of the normal weight. Many 
experiments by Dr. Spencer have given similar results to those described. 

A routine method devised by Spencer uses an ordinary ‘‘ milk-shake ” 
shaker to insure disintegration of the sample. Fifty-two grams of the finely 
divided press-cake are placed in the tumbler of the shaking machine, then 162 
ml. of distilled water (room temperature) using an automatic burette. The 
proportions of press-cake and water are now as above. About 2 grams of 
Home’s dry lead are added, the tumbler is covered and the machine put in 
motion to agitate the mass violently. Filter, add two or three drops of con- 
centrated acetic acid to acidify and polarize in a 200-mm. tube. 
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ANALYSIS OF THE BAGASSE 

322. PreparatiotL of the Samples.~-After securing the sample as described 
in 267, it should be rapidly and thoroughly mixed and subsampled. Modem 
millin g in long trains and under high pressures disintegrates the bagasse to 
such an extent that many laboratories make both the sucrose and moisture 
tests on the sample in the condition that it comes from the mill. Others con- 
tinue the use of choppers or shredders. 

The condition of the sample for the sucrose test is especially important. 
The pieces should be very small. The Java laboratories require this sample 
to be fine enough to pass through a 4-mm. sieve. De Haan ^ collaborated in 
the preparation of the Java instructions for bagasse analysis in which the 
above specification as to the sample is given. He, however, has stated ^ 
that the apparent influence of flneness is really largely due to incorrect sam- 
pling. This implies that the chemist unconsciously selects the larger pieces 
rather than an average of the sample. Norris ^ specifies 6 mm. as the diameter 
of the largest admissible piece of bagasse. Attempts to reduce the material 
finer than Norris’ specification may lead to errors through the drying of the 
sample, especially when the sucrose content is high. Norris ^ made numerous 
tests to ascertain the average loss of moisture during the preparation of the 
sample and found it to average 2 per cent when the chopper is covered and 
4 per cent when uncovered. From these observations it is evident that the 
sample should be prepared as rapidly as is possible, and even then the sucrose 
numbers may be a little too high. There is often a compensating error that 
may offset this error, viz., slightly imperfect extraction of the sucrose in the 
digestion. 

Slow preparation of the sample may result in a large error m the moisture 
test. T^ may be avoided by drying the bagasse in the condition that it 
comes from the mills, using the special oven described farther on. 

The Warmoth disintegrator, already described on page 307 for use in the 
analysis of cane, is the best and most riipid method of preparing the bagasse 
sample for analysis. Experience has shown that about 1 per cent of moisture 
is lost during sampling, storing and disintegration in this machine. By using 
99 grams of the bagasse sample thus prepared both for the moisture and sucrose 

^ Int. Sugar Joum., 1912, 14, 43 

>Ibid., 5. 

^ Bui. 32, Haw. Sugar Planters’ Expt. Sta., 32. 

^Ibid., 8. 
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determinatioiiSy instead of 100 grams, this evaporation is compensated fap^ 
and furthermore the relationship between moisture, sucrose and fiber are 
strictly comparable since the tests are made on the same sample. This latter 

point is equally true if both the sucrose and 
moisture are mtade on the sample in the 
conditim that it leaves the nulls. It is not 
so certain if the moisture is made on the 
unprepared sample and the sucrose on a 
chopped or disintegrated portion. 

The Boot & Krantz chopper. Fig. 121, is 
suitable for preparing the sample. The 
knife is adjustable to cut the bagasse to 
any desired fineness. The machine may 
be driven by belt or by hand power. The 
Athol meat-chopper, size No. 405, Fig. 122, 
is an efficient machine for reducing bagasse. 
This machine has large capacity and may 
be covered during chopping. Neither of 
these machines is as rapid nor as thorough 
as the Warmoth disintegrator. 

323. Determination of Ihe Moisture. — ^As has been indicated in the pre- 
ceding paragraph, it is of importance to dry a large sample on account of the 
lack of uniform distribution of the moisture. 

Experiments upon both a manufacturing scale and in the laboratory have 
shown that bagasse may 
be heated to high tem- 
peratures without ap- 
preciable decomposition. 

Such tests were made in 
drying shredded cane at 
Preston, Cuba, where 
the temperature em- 
ployed was very much 
hi^er than is here sug- 
gested for laboratory 
work. Drying in vacu- 
um-ovens at low tem- 
peratures is not depend- 
able. Many writers 
recommend drying sam- 
ples of 20 grams or even 
less. From the point of Fio. 122. — ^Bagasse Chopi)er (Athol), 

view of the test of the 

particular 20 grams there is no objection to this quantity, but so small 
a sample cannot accuratdy represent a material such as bagasse. 
The methods of drying ^ven in this book are arranged in order of 
pKeference. 




Fig. 121. — ^Bagasse Chopper 
(Boot and Krantz.) 
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Drying in a Current of Heated Air. Spencer Electric Oven, Large Size . — 
This oven, especially designed for the determination of moisture in bagasse, is 
designated as Type B ” to distinguish it from the smaller oven used for sugars, 
juices, etc. (Sec. 248). The bagasse oven is essentially^the same in principle 
as the smaller size, being a means of drawing a large volume of heated air 
through the sample to be dried, the air hrst passing over an electric heating 
(element. The suction is best applied by connecting with the factory vacuum 
system. The capsules are 10 cm. diameter by 20 cm. hi^ fitted with a bottom 
<of metal filter-cloth to allow free passage of the air. The test is made on 100 
.■grams of the bagasse as it comes from the mills (f.e., without chopping or other- 
wise comminuting), or on a disintegrated sample using 99 grams, or whatever 
amount has been found proper by experience to compensate for the moisture 
lost in preparation of the sample. This sample, in a taxed crucible, is placed 
in the oven, the suction started and current to the heating element r^ulated 
to give a temperature of 135® C. which is continued for forty-five minutes, after 
which the capsule is cooled and weighed. A simple method of avoiding all 
calculations is to place the tare and a 100-gram wei^t on one pan of the 
balance and the capsule containing the dried sample on the other. Weights 
are then added to the pans containing the sample, this weight in grams repre- 
senting the percentage of moisture in the bagasse. 

Special Hot Air Oven. — ^This oven, also designed by Spencer, was the fore- 
runner of the electric oven just described, 
drical cast-iron vessel, C, provided with 
a removable cover, D. A rubber gasket, 

7, and the clamps, insure an air-tight 
joint between the body of the oven and 
the cover. The clamp may not be neces- 
sary if the door is heavy and the joints 
are well groimd. A steam-ejector, F, 
draws a very strong current of air through 
a heater, the pipe (?, and the basket A. 

The air is heated by passing it over a 
steam-coil. It may receive a preliminary 
drying by drawing it over quick-lime, fol- 
lowed by filtration, but this does not 
appear to be necessary. A small size 
feed-water heater is an inexpensive and 
efficient heating device. If this heater is 
used with exhaust steam from the engines, 
the air should be drawn through the copper coil, the steam surrounding it, 
but with live steam the air should pass over the coil. The ^cific heat of 
air is low, hence the pipes should be covered and a very large volume of air 
must be used. 

A cylindrical bagasse-basket of very thin sheet brass. A, fits in the oven as 
is indicated. Two or more baidcets should be provided and taxed if many 
samples are to be dried. The bottom of the basket is of findy perforated 
brass plate, such as is used in centnfugals. Sheet brass containii^ about 625 


As shown in Fig. 123 it is a cylin- 
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round holes per square inch is suitable for this purpose. The top of the basket 
is open, A narrow flange supports the basket and makes a joint with the iron 
oastb^. The weight of the lisket and bagasse and the pressure of the air are 
usually sufficient to insure a good joint, but if need be, a gasket of steam- 
packing may be used. The thermometer, H, indicates the temperature of 
the air current. If the oven forms one of a battery, a stop-valve should be 
provided in the pipe (?. A valve is also convenient in regulating the current of 
air. If it is de^ed to leave the steam turned on the ejector, F, when opening 
the oven, it is necessary to provide an air-cock in the cover or elsewhere for use 
in breaking the vacuum. 

This oven may be constructed of any convenient size. Those constructed 
with a basket 8 inches in diameter and 12 inches deep will hold 1 kilogram of 
loose bagasse or 2 kilograms if lightly packed. The drying period is extended a 
few minutes by the packing. A basket of this size may be used with the 
^kilogram balance shown in Fig. 81. 

The method of drying is as follows: Assuming efficient mill-work, reduce the 
sample to about 2 kilograms by subsampling; flU the taxed basket with 2 
Idiograms of bagasse, packing it lightly as may be necessary. Insert the bas- 
ket in the oven, replace the cover and turn sufficient high-pressure steam into 
the ejector to produce a very strong current of air. The air should be heated 
to any convenient temperature above 110® C. and preferably to 130® C. The 
air-pipe should be well covered. 

The drying period varies with the temperature of the air and the condition 
of the bagasse. At 110® C. the period is usually about ninety minutes. At 
the close of the drying-period, which after a little experience with the oven 
may be arbitrarily fixed, remove the basket by the bail, B, and place it in a 
desiccator to cool. A large earthenware jar will serve as a desiccator. After 
cooling, ascertain the weight in grams of the dry bagasse and divide this num- 
ber by 20, to arrive at the per cent of dry matter. The per cent moisture is 
100 minus the per cent of dry matter. 

The oven as originally deagned® is self-contained. The lower section 
contains the heating-coils, and in the upper are six bagasse drying-tubes of 
200 grams capacity each. The oven illustrated is less expensive and is more 
accessible for repairs than the older model. It may easily be built in the plan- 
tation i^ops, largely from old material. 

Drying in Metal Trays . — Shallow metal trays may be used as containers 
for the bagasse in conjunction with the oven described in the next paragraph. 
A suitable size for use on the sugar balance and holding 60 grams of bagasse 
is 4 indies by 8 inches by 1.26 inches deep. The drying progresses faster if 
the bottom of the tray is of wire gauze or perforated sheet brass. The tem- 
perature of the oven should be at least 110® O. and preferably 130® C. Larger 
trays may be used if a balance of sufficient size is at hand. 

Steam drying-<wen . — ^The steam drying-oven is shown in Fig. 124. It is most 
conveniently constracted of 2-mch planks of well-seasoned lumber. Two 
steam xnainfolds, or coils, C, of iron pipe axe used with live steam to heat the 
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oven. Half-inch iron pipe is suitable for making the coils. The use of two 
coils, instead of one, facilitates regulating the temperature. 

Holes in the door of the oven at A admit air, and the moist warm air escapes 
at D. A thermometer .can readily 
be inserted in the oven by boring a 
hole in the wall near the shelf B. 

This shelf or tray B is made of a wire 
screen. The mesh should be large. 

The door and other parts should be 
protected from warping by the usual 
carpenter’s expedients. There should 
be globe-valves on each of the inlet 
and tail-pipes, to each coil, to regu- 
late the steam and the discharge of Fkj. 124. — Bagasse Oven, 

the condensation water. 

324. Determination of the Sucrose . — Singh Digestion Method , — ^This 
con^ts, in general, of digesting a weighed quantity of finely divided bagasse 
(100 grams usually) in a measured quantity of water (say 900 or 1000 ml.) at 
or near the boiling temperature for one hour in a tared container. Suitable 
means for agitating the solution and bagasse during the digestion period are 
usually provided. Five ml. of 5 per cent sodium carbonate solution are 

included if the bagasse sample is 
fresh or was preserved with formal- 
dehyde. If the ammonifirchloro- 
form mixture recommended in Sec. 
267 is used as a preservative the 
soda is omitted- After the diges- 
tion period the container is cooled 
and weighed, the solution drained 
off, clarified with dry lead and po- 
larized. The calculation of the 
sucrose percentage is explained in 
an example given later. 

A convenient digester, Fig. 125, 
is of copper about 4 inches in diam- 
eter and 6 inches deep, provided 
with a brass cover and clamp for 
maJdng a tight joint. A brass tube 
attached to the cover serves as a 
condenser. A brass rod, carrying 
a small disk for mixing purposes, 
Fig. 125 . — ^Bagasse Digester. should i)ass through and extend 

above the tube. The rod should 
be moved up and down occasionally either by hand or mechanically. A 
Kodak developing-tank, fitted with a condensing-tube, may conveniently 
be used as a digester. 

No water should be added to the bagasse after starting the digestion. The 





346 


ANALYSIS OF THE BAGASSE 


boiling should be very gentle or, preferably, the liquid should just reach the 
boiling-point. 

The test is conducted as follows: Tare the dried digester, add 100 grams of 
bagasse (or 99 grams, or whatever amount has been found to compensate for 
the loss of moisture dming disintegration, as previously explained), then 
1000 grams of boiling water (0.25 gram of dry sodium carbonate should be 
added to the water if ammonia has not been used as a preservative), dose 
the digester and place in a steam or water bath and heat at the temperature 
of boiling water for one hour, during which the contents of the container are 
agitated .by means of the rod as described. No water should be added to the 
bagasse after starting the digestion. 

Cool and weigh, drain off some of the liquid (about 150 ml.) place in a 
cylinder and add sufficient dry lead subacetate to clarify. A little dry kiesel- 
guhr may be used to insure a clear filtrate. Shake vigoroudy, filter and 
polarize in a 400-mm. tube. 

The following calculation illustrates the method of arriving at the per- 
centage of sucrose but this may be dispensed with in practice by using the 
table on page 525. 

Weight of bagasse used 
Fiber in bagasse 


Weight of digester, bagasse, water. . 

1375.5 grams 

Weight of digester 

175.5 

Weight of bagasse, water 

1100 grams 

Weight of fiber 

48 

Weight of eictract 

1052 grams 

Polaiiscope reading in 400-mm. tube 

3.2 

From Schmitz’s Table 3.2 = 

.. 0.83 


0.83-^2 = 0. 415 per cent sucrose in thin solution 

1052 X 0.415 = 4.37 grams* 4.37 per cent sucrose in bagasse. 

By the table on page 525: Opposite 3.2 and under 1050 (W) is found 4.37. 
By interpolation for 1052 the per cent sucrose is 4.38 per cent corresponding 
with the above. The difference of 0.01 per cent sucrose is due to the fact 
that the figures for tenths in Schmitz’s table are averages for a range of degrees 
Btix and polarizations. 

Spencer Rotary Di^esier.— This apparatus was invented by Dr, Spencer 
with a view of obviating some of the difficulties involved in the use of the 
ordinary digester. It conEOsts (Fig. 126) of a cylindrical steam bath in which 
three cylinders are rotated at 5 r.p.m. by means of a gmall motor and reducing 
gear. Hand operadon is also provided for. The cylinders for the bagasse 
samples are si mi la r to the digester previously described, being 4 J inches by 8, 
with tight covers held in place by screw clamps. Vacuum-breaks are provided 
is the oofweaES. These cylinders revolve endwise, the dow motion of the shaft 


100 grams 
48 per cent 
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causing the bagasse to fall from end to end in the solution promoting macerar 
tion and diffusion. Steam and cold water coimections to the casing provide 
effident means of heating and subsequent cooling. The test is conducted 
and the calculation made in the same way as has been previously described. 

Bepeated Digestion Method , — ^In a suitable dish^ preferably a porcelain 
casserole, cover 100 grams of finely divided bagasse with water and boil it; 
during ten minutes. Drain off the liquid, pressing the bagasse with an iron 
spoon. Repeat this digestion with water and the decantation in all eight 
times. Press the residue of 
the bagasse in a powerful hy- 
draulic or other press and 
unite the liquid expressed to 
those portions abeady drained 
off. Cool the liquid to the 
ordinary temperature and 
measure it, adding, if need be, 
a little water to bring it to 
an easily measurable volume. 

Clarify the solution by Home’s 
dry- lead method, page 314. 

The degree Brix of this very 
dilute solution may be ne* 
glected. Polarize the solution, 
using a 400-mm, observation- 
tube, and calculate the sucrose 
with the aid of Schmitz’s table 
on page 481 dividing by 2 to 
compensate for the tube length. 

This per cent sucrose is that 
of the extract. Consider the 
cubic centimeters of the extract 
to be grams and multiply this 
number by the per cent sucrose 
to ascertain the per cent sucrose in the bagasse. About O.fi gram of carbonate 
of sodium i^ould be added to the water used in making the first extraction. 

Geerligs ^ states that long digestion with boiling water dissolves a dextroro- 
tatory gum from the fiber of the bagasse and makes the polarization too high. 
De Haan extracted this gum and found that it is precipitated by the subace- 
tate of lead.^ Norris failed to find this dextro-rotatory substance in extracts 
from Hawaiian cane.^ 

Norris’ Method,^ — ^Dr. R. S. Norris, noting that one of the weak points in 
the sucrose test is the small polariscope reading, devised the following modifica- 
tion of the single-digestion method: A special digester, Fig. 127, A, is used. 

« Int. Sug. Joum., 11, 166. 

^ Bui. 32, Haw. Sugar Planters’ Expt. Sta., 12. 

8 Ibid., 18. 

8 Bul. 32, Haw. Planters’ Expt. Sta., 24; Int. Sugar Joum., 12, 641. 



Fio. 126. — Spencer Bagasse Digester. 
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This is like the double cooker used in the kitchen for cereals, etc. A tamp, C, 
made of a heavy perforated metal disk and provided with a substantial handle, 
is fitted rather snugly into the inner vessel, B, and serves to press the bagasse 
and also as a cover. The inner vessel should be 4.25 inches deep and 4.25 
inches in diameter. 

Weigh 100 grams of bagasse in the tared inner vessel. The tamp should be 
tared with the vessd. There should be no pieces of bagasse larger than 6 mm. 

in diameter. Add 500 ml. of hot water 
containing 5 ml. of a 5 per cent solu- 
tion of carbonate of sodium. Place 
the vessel in the boiler and digest for 
one hotar, pressing the bagasse and 
mixing the solution every fifteen 
minutes. The tamp should be fas- 
tened at the top of the inner vessel, 
when not in use, and serve as a 
cover. It should not be removed 
until after the completion of the 
digestion and weighing. At the con- 
clusion of the digestion period, remove 
Fig. 127.— Uorris Bagasse Digester. and wipe the inner vessel and set it 

aside to cool and weigh, or it may be 
cooled by placing it in cold water. The calculation of the per cent sucrose is 
made as in the single-digestion method, page 346. 

Norris states that the shape and dimensions of the vessel apparently influ- 
ence the results. The vessel should not be too deep. The dimensions given 
are those decided upon by Norris after many experiments. 

325. Determination of the Fiber (Marc). — ^The fiber may be determined 
directly as follows if the Spencer oven has been used for the moisture deter- 
mination: Otherwise the method described for the analysis of cane (280) must 
be employed. Cover the capsule with a small mesh screen and wash the dried 
bagasse sample with hot pure water (condensation water) until warfi water 
is free of sugar by alpha naphthol test. Then wash the fiber with two or three 
liters of boiling distilled water; dry in the Spencer bagasse oven as for moisture 
determination and weigh. Weight of fiber in grams per cent fiber in 
bagasse. 

The indirect method is much preferable and direct fiber determinations are 
now rarely made. This method was adopted by Dr. Spencer after severa; 
thousand comparative tests in The Cuban-American Sugar Co.’s laboratories! 
The required data are obtained in the mill control. 

Let iS » the dry matter in the bagasse; 

F « the per cent sucrose in the bagasse; 

C »= the coefficient of purity of the residual juice (see next section); 

X « per cent fiber (marc) in the bagasse, 

then 
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Steuerwald, of the Java Experiment Station, in an investigation of the vari- 
ous methods of fiber determination, arrived at the conclusion that the indirect 
method as above gives the most reliable results. He considers the claims of 
the water- and alcohol-extraction methods and concludes that the aqueous 
methods give high figures and the alcoholic extraction, even correcting for the 
separation of saccharetin from the fiber, gives low figures. 

326. Purity of the Residual Juice. — The residual juice, i.e., the juice 
remaining in the final bagasse, is considered by many chemists to correspond 
in purity to that of the juice extracted by the last mill of the train and experi- 
ence indicates that this is near the truth. However, since the bagasse re- 
ceives its final and heaviest pressure between the last pair of roUs, the juice 
flowing from the last roll probably more nearly approximates the true residual 
juice. The coefficient of purity of this juice is used in calculating the fiber. 

The analysis is made as for other juices. 
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327. Analysis of Foam from Sirups, etc.— A current of compressed air, 
or a little ether rapidly evaporated, will quickly reduce the foam to a liquid. 
Remove the ether by evaporation over warm water, at a safe distance from 
fire, and proceed with the analysis by the methods described, beginning 292. 

328. Sugar in the Boiler Feed-water.— The feed-water for the steam- 
boilers in a cane sugar factory is largely derived from that evaporated from 
the juice and sirup. The water from the steam condensed in the calandria of 
the first vessel of the multiple effect, the calandrias and coils of the vacuum- 
pans and the coils and tubes of the various heaters forms a very important 
source of water supply for the boilers. Sugar may enter these waters through 
entrainment with the vapors from the juice and sirup and through defects 
that develop in the heating-surfaces. 

Sugar causes the water to foam in the boilers and may lead to accidents. 
Further, though sugar may not be present in suiBBcient quantity to endanger 
the boilers through foaming, it is decomposed by the heat into products t]^t 
are very detrimental to the tubes and shells of the boilers, causing pitting 
and overheating. The sugar is supposed to be first hydrolized, after which 
the dextrose and levulose decompose. The dextrose produces levulins, formic 
and acetic acids, and the levulose, humic and formic acids and insoluble humic 
compounds. Both the acids and the insoluble humic compounds are injurious 
to the boiler-plates. Humic compounds form only when the water contains 
ammonia or soda. Except for its action on levulose in forming humic com- 
pounds, ammonia does not appear to injure the plates. 

Sugar itself does not attack the boiler metal, but its decomposition prod- 
ucts do, both chemically and physically. The chemical action has been ex- 
plained. Some of the decompodtion products deposit upon the heating 
surfaces with consequent overheating and damage to the plates. 

The plates may also be attacked by the acidity in the water derived from 
sulphited juices. This may be prevented by the addition of soda to the water 
or preferably by reducing the acidity of the juices. 

It is evident that a thorough control of the feed-water is the best safe- 
guard against sugar. The moment sugar appears in the water this should be 
turned to the sewer and the boilers should be thoroughly blown down. The 
oe-naphthol test as below should be used at very frequent intervals in testing 
the water and in tracing the sources of sugar in it. The odor of the steam is 
very pronounced when the water contains si^ar. 
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329. Alpha-Naphthol Test for Traces of Sugar in Water. — ^This test is 
widely used to determine the presence of sugar in condenser waters, boiler- 
feed waters, factory sewer outflows and other waters where the presence of 
sugar may be detrimental or represent a preventable loss. It is roughly 
quantitative if carried out xmder mmilar conditions and compared with tests 
on standard solutions. Add 5 drops of a 20 per cent alcoholic solution of 
oe-naphthol to 2 cc. of water (cooled) in a test-tube, then by means of a pipette 
reaching to the bottom of the tube add 5 cc. of concentrated sulfuric acid. 
In the presence of sucrose a violet zone or ring appears at the juncture of the 
two liquids, the intensity of the color depending on the sucrose present. 
The acid used must be strictly chemically pure and the a-naphthol should be 
of good quality. The solution of this reagent darkens on exposure to light, 
and should be freshly prepared from time to time. 

The test is extremely delicate. When the solution contains as little as 
one part of sucrose per million parts of water .a very pale lilac tint is visible 
while one part in ten thousand 
gives almost a black ring due to 
charring of the sugar by the acid. 

The colors between these limits 
range from various shades of lilac 
through a deep reddish purple. 

The chemist can best familiarize 
himself with the color variations 
by making tests on water to which 
has been added known amounts 
of sugar. The colors darken on 
standing. 

330. Spencer Alpha-Naphthol 
Apparatus.^ — ^This was devised to 
expedite the routine tests for 
sucrose in condenser waters, etc., 
doing away with the possibility 
of contamination by contact with 
the hands or laboratory appara- 
tus. The funnel. Fig. 128, is first 
washed with repeated portions of 
plain water, then rinsed with the 
solution to be tested. After 
draining it is again filled with 
the sample and allowed to flow 
•fillp-d dose the three-way cock, add two or three drops of alpha- 
naphthol solution from the «Tn«ll container, allow to stand a moment, then 
cautiously open the three-way cock to the acid reservoir and allow several 
milliliters of acid to back up in the funnel. Note the color reaction as in a 
test-tube. Then drain off the acid and water and rinse with fresh 
water. 

^Spencer. Ind. Eng. Chem., Vol. 14 (1923), p. 593. 



Fio. 128. — Sx>encer Alpha-Naphthol 
Apparatus. 

out until only the horizontal portion is 
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331. Substitutes far Alpha-uaphthoL — ^Thymol (U. S. P.) in alcohol may 
be substituted for alphar-naphthol in the above tests. Lysol (concentrated 
commercial diluted with 5 parts distilled water) may also be used. A solu- 
tion of 150 ml. of pure cresol made up to a liter with water containing 60 
grams of Castile soap is another reagent that may be used, ten drops to the test. 
The substitutes are not as sensitive as alpha-naphthol but they are advocated 
by various authors because the solutions do not deteriorate on standing. 

A test using ammonium molybdate was recently described by Matthews.^ 

It is sensitive to one part in 500,000 and offers some advantages through 
the use of permanent standards for quantitative tests. 

Five cc. of the liquid to be tested are placed in a dean test-tube, three drops 
of concentrated HCl and 3 cc. of a 4 per cent ammonium molybdate solution 
are added, and the tube is placed in a boiling water-bath for exactly six minutes. 
If sugar is present a blue color develops, which is, however, not permanent. 
For quantitative work, standards are prepared by diluting a solution contain- 
ing 1 gram pure sucrose per liter to convenient concentrations, and treating 
these solutions exactly as described for the test. Permanent standards may be 
made by diluting blue-black ink to match the freshly prepared primary stand- 
ards. For concentrations below 0.0125 per cent of sucrose, dilute Fehling 
solution must be used instead of ink to get a perfect color match. These 
secondary standards keep for six months. The conditions of the test must be 
strictly adhered to in quantitative work, because even slight variations in de- 
tail may cause large errors. 

332. Cobaltous Nitrate Test for Sucrose.® — ^To about 16 cc. of sugar 
solution add 5 cc. of a 5 per cent solution of cobaltous nitrate. After thor- 
oughly mixing the two solutions, add 2 cc. of a 50 per cent solution of sodium 
hydrate. Pure sucrose gives by this treatment an amethyst-violet color 
which is permanent. Pure dextrose gives a turquoise-blue color which soon 
passes into a light green. When the two sugars are mixed the coloration 
produced by sucrose is the predominant one, and 1 part sucrose in 9 parts 
dextrose can be distinguished. If the sucrose be mixed with impurities, such 
as gum-arabic or dextrin, treat with alcohol or subacetate of lead before 
applying the test. 

^ 1^3. Automatic Alarm far St^ar in. the Boiler Feed-water. — Thi> alarm 
is based upon the change in density of the water in the presence of sugar. 
It is composed of two communicating tubes (communicating vessels) one 
within the other. The water is stagnant in the inner tube and flows through 
the outer at a constant level. A change of level in the inner tube causes a 
float to rise and close an electrical circuit and ring a bell. Since the water 
is of the same temperature in both tubes, the density is automatically cor- 
rected. The cdumns are 1.6 meters high, therefore a solution of 1.001 sp. gr. 
will lift the float 1 mm. 

It m evident that the s^osibility of the instrument may be increased by 
adiusting the ooaitact. The instrument should be placed in a convenient 
lecatioii as free as possible of vibrations. A beU. should be placed near the 
feed-water pump and another in the laboratory. 

* Maryiaud Acad. Sci. BuU., Vol. 7 (1928), No. 3, p. 35. 

« Ai^ifiiilteal Analyas, H. W, Vol. IH, p* 189. 
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334, Notes on Cattle-food Anal7sis.~The moisture and the sugar tests 
are usually required by the factory in the control of the manufacture. The 
material is usually in excellent condition for the analysis, 
without further preparation. 

335, Determination of the Moisture.— Dry a quantity of 
the food representing about 2 grams of dry material in a 
taxed flat aluminum-dish at the temperature of boiling water 
under vacuum (100 mm. mercury or less); or dry in a cur- 
rent of dry hydrogen at the same temperature but at atmos- 
pheric pressure. Approximately five hours are needed to dry 
to constant weight: 

Loss in Weight Weight of Sample X 100 = Per cent 
Moisture. 

336. Detennination of the Ash.— Incinerate 2 grams of 
the material as described in 252. 

337. Ether Extract — ^Extract 2 to 3 grams of the food, 

dried as described in Section 335, with anhydrous alcohol- 
free ether. The extraction is most conveniently made in a 
percolator, using Enorris modification of Soxhlet’s apparatus 
shown in Pig. 129. The tube D is connected by a cork with 
a small tared flask containing ether. The outer tube is 
connected with a reflux condenser and the tube A or per- 
colator is prevented from closing the tube D by a spiral C 
of copper wire. A syphon-tube S is sealed into the lower part 
of the small percolator A, and lies close to the wall. The 
lower part of the tube B is closed with a perforated disk of 
platinum. Knorr*sExtrao- 

In using the apparatus the weighed material is placed tion Apparatus, 
in B, with a light plug of ether-extracted cotton on top of 
it, and the percolator is connected with the reflux condenser and the ether- 
flask; this latter is placed on a water-bath and the water is heated with an 
electric lamp or by steam. In using a flame there is danger of igniting the 
ether. The ether vapors ascend to the condenser where they are condensed 
and the ether drips into the tube B. The tube B fills with ether to the 
top of the syphon and is then carried back by this into the flask. This ex- 
traction shoidd be continued for sixteen hours. The ether is removed from 

^ Partly based upon methods of Of&cial Association of Agricultural Chemists. 
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the flask by evaporatioa and the extract is dried in a water-oven to con- 
stant wdght. The percentage that the residue is of the original material 
is reported as ether extract. If preferred the ejctract may be indirectly 
ascertained by determining the loss in weight of the material in the tube B, 

338. Crude Protein. — ^Determine the nitrogen by the Kjeldahl method as 
described in any work on quantitative analysis and multiply the percentage 
by 6.25 to ascertain the per cent of crude protein. 

339. Crude Fiber* — ^Extract 2 grams of the food with ether and to the 
residue, in a 500-ml. flask, add 200 ml. boiling 1.25 per cent sulphuric add. 
Connect the flask with a reflux condenser and boil the liquid for exactly 
thirty minutes. A blast of air conducted into the flask may serve to reduce 
the frothing of the liquid. Filter and wash the residue with boiling water 
until the washings are no longer acid. Binse the material back into the same 
flask with 200 ml. of boiling 1.25 per cent solution of sodium hydroxide and 
boil for thirty minutes as before. The sodium hydroxide should be free or 
nearly so from sodium carbonate. Collect the residue in a tared Gooch 
crucible and wash it with boiling water until the wadiings are neutral. Dry 
the residue at 110® C. and weigh it; incinerate it completely and again weigh. 
The loss of weight is calculated as crude fiber. 

The filter used in the first filtration may be of linen, asbestos, or glass wool. 
The add and alkali solutions should be standardized by titration. 

340. Sucrose and Glucose. — ^These are determined by chemical methods. 
The solution for analysis is prepared by extracting 10 grams of the material 
with 125 ml. of 50 per cent alcohol (by volume) adding about 3 grams of cal- 
dum carbonate to neutralize addity and boiling for one hour in a 250 ml. 
flask. A small funnel is placed in the neck of the flask to condense the vapors. 
Cool and allow to stand overnight. Make to the mark with neutral alcohol, 
95 per cent, mix and allow the insoluble matter to settle. Drain of 200 ml. 
of the clean liquid, place in a beaker and evaporate on a steam bath to a vol- 
ume of about 25 ml., then rinse into a 100-ml. flask with water, add suflicient 
neutral lead acetate solution to clarify, make to the mark, mix and filter^ 
Delead with dry sodium oxalate and fdter again. 

Determine reducing sugars by the Munson-Walker method usmg 25 ml. 
(2 gms. material) of the deleaded solution diluted to 50 ml. 

For the sucrose determination invert 50 ml. of the deleaded solution by 
the method given in 239A making to 100 ml. after neutralization. The invert 
sugar is again determined on 50 ml. of the inverted solution (2 grams original 
material) by the Munson-Walker method and the sucrose calculated as 
described in 239A. 

To correct for the volume of insoluble material in the food, multiply the 
percentages of invert sugar and of sucrose by 0.97, this figure having been 
arrived at by experience. 



CHAPTER XSSm 


DEFINITIONS AND APPLICATIONS OF EXPRESSIONS USED IN 
SUGAR WORE 

341. Normal Juice. Undiluted Juice. Absolute Juice.— The normal or 
undiluted juice was originally assumed to be the juice as it actually exists in 
the cane. These expressions are now applied to the juice extracted by dry- 
milling, i,e., milling without saturation of the bagasse. The expression 
“ undiluted juice ” is perhaps preferable to “ normal juice, but long usage 
has established the latter. 

The cane is known to contain water that is free of sugar (279). This is 
termed “ colloidal water.” If a piece of cane be passed between the rolls of 
a mill a part of this water exudes and drips from the end of the stalk. In 
view of the presence of this water it becomes diflScult to define the juice as it 
exists in the cane, in the light of factory requirements. For calculations 
based upon the whole or normal juice of the cane, it may be well to consider 
this the water-soluble constituents— juice solids dissolved in all the water 
contained in the cane. This may be termed the “ absolute juice.” This 
would assume that all the cells may be broken down and the solids be dis- 
tributed in their liquid content. The cells are never all ruptured in milling, 
therefore the juice extracted in dry milling can only approximate the ” abso- 
lute ” juice. This fact has an important bearing upon the inferential methods 
of calculating the weight of the cane, saturation-water, juice content, etc. 
The customary use of normal juice ” as explained above is that employed 
in this book. The analysis of the normal juice is calculated from the density 
of the crusher or mixed-crusher and first-mill juice, and the purity of the mixed 
or diluted juice (269). A factor is calculated from the density of the crusher- 
juice and that of the mixed juices obtained in dry-milling (i.6. when no satu- 
ration water is used.) This factor is applied to the crusher-juice density to 
ascertain that of the normal juice. Example. Crusher-juice Brix, 20**; 
mixed juice Brix, 19.7; factor or ratio = 19.7 -s- 20 = 0.985. See also 
page 369. 

342. First Expressed Juice.— This is undiluted juice from the crusher, 
or crusher and first mill, or in those factories having no crusher, from the first 
mill alone. The per cent sucrose is used in the calculation of the Java ratio 
and the degree Brix in the calculation of the analysis of the normal juice. 

S4S. Mixed Juice. Dilute Juice.— These expressions are used to indicate 
the juice extracted by all the mills as it is finally mixed and sent to the defe- 
cationnstation. This juice is usually diluted with the saturation water. 

865 
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When no saturation water is used the " mixed juice ” and '' normal juice ’’ are 
identical. 

344. Bagasse. Megasse. — ^This is the woody residue left after expressing 
the juice from the cane. The word “ megasse ’’ is used in the English colo- 
nies. 

346. Residual Juice. — ^The bagasse may be regarded as a sponge that 
absorbs and retains a part of the juice. The juice so retained, the residue 
of that in the cane, is the “residual” juice. The true residual juice can only 
be approximated and in the analysis only the coefficient of purity of an 
assumed residual juice is determined. This number is used in calculating 
the percentage of fiber or marc in the bagasse and cane. In practice the juice 
flowing from the last mill of the train or the last roll of that mill is considered 
to have the same coefficient of purity as the true residual juice. The juice 
from the discharge-roll of the last mill is recommended for this test. 

346. Fiber or Marc. — ^This is the water-insoluble matter of the cane. The 
true fiber or cellulose is not determined in the factory control. 

347. Extraction. 'M’Ht Extraction. Dilute Extraction, — ^This is the per- 
centage of dilute or mixed juice on the cane. 

Normal Extraction. — Similarly, this is the normal juice per cent cane. 

Sucrose Extraction. — ^The sucrose in the mixed juice in terms of percentage 
of sucrose in the cane. 

A discussion of these various extraction figures and their value will be 
found in 373 . 

343. Saturation Water. Saturation. (Maceration. Imbibition). — ^The 
water which is sprayed on the partly ground bagasse as it passes from one 
mill to the next is termed saturation, maceration or imbibition water, the 
terms now being generally used synonymously. The “ saturation ” (macera- 
tion, imbibition) is the amount of this water expressed in percentage terms of 
the cane. 

349. Dilution. — ^That portion of the saturation water which is extracted 
with the juice is termed the dilution water. “ Dilution ” is the percentage of 
this water in terms of the weight of cane. It is calculated from the respective 
d^ees Brix of the normal and dilute juices. 

350. Java Ratio. — ^This arbitrary milling ratio, first used in Java, is 
the relationship between sucrose in the “ first expressed juice ” (generally 
the crusher juice) and the sucrose in the cane. 

- ^ Per Cent Sucrose in Cane 

Java Ratio « — — ;; — 77 ; — X 100. 

Per Cent Sucrose m First Expressed Jmce 

This relationship has been found to be fairly constant for any given tniU 
equipment irrespective of normal variations in the fiber content of the cane. 
If it is calculated for any given si^ar factory over a sufficiently long period it 
becomes of value as an indication of the accuracy of cane weights and juice 
wa^ts, as wdl as the sampling and analysis of ^e juices and bagasses. It 
does pot alford any comparison between the work of -one factory and another 



COEFFICIENT OF PURITY 


367 


and a radical change in milling equipment may alter the ratio quite appre- 
ciably for any given factory. (See also 371.) 

The Java ratio has been used in Natal to figure the sucrose in the cane, 
as delivered by the grower, from the sucrose in the crusher juice of that cane.^ 

351. Sucrose Per Cent Fiber. — ^This is the relationship between the 
sucrose in the bagasse in percentage terms of the fiber in the bagasse. Since 
it takes into account the inert fiber which serves as a vehicle for the sucrose 
lost in bagasse it is considered a more valuable measure of nulling efSciency 
than the per cent sucrose in bagasse alone. 

352. Defecated Juice. Clarified Juice. — ^The dilute juice after it has 
passed through the clarification system. 

353. Sirup. — ^The sirup is the concentrated juice of the cane from which no 
sugar has been esctracted. This is the “ meladura ” of the Spanish-American 
factories. The word drup ” has an opposite meaning in sugar refineries 
where it is applied to solutions from which sugar has been removed by crys- 
tallization. 

354. Massecuite. — ^The massecuite is the concentrated sirup or molasses 
in which the sugar has been crystallized or the material has been concen- 
trated to a point where it will crystallize. Massecuites are designated by 
names, numbers or letters indicating their purity or the number of crops of 
crystals of sugar that are to be removed. 

355. Molasses. — When a massecuite is spun in a centrifugal machine the 
sugar crystals are separated from the mother liquor. This liquid is now 
termed ** molasses/’ and is designated by names, numbers or letters corre- 
sponding with the massecuites. The “ final ” or true molasses is the liquid 
residue from which no more sugar can be removed, either on account of factory 
equipment or for commercial reasons. This is termed “ barrel-sirup ” in 
the refineries. 

356. Circulating Water. Condenser Water. — ^This is the water used in 
condensing the vapors in the evaporation of the juice and sirup. After 
leaving the condensers, this water (in the tropics where water is scarce), 
together with that derived from the vapors, is usually passed over a cooling- 
tower to reduce its temperature, and it is returned to the condenser, thus 
circulating through this apparatus. This water is often termed cooling- 
tower water,” 

357. Sweet-water. — ^With the older types of apparatus, the vapors con- 
densed in the calandrias of the evaporator often contained sugar, carried 
into it by entrainment. The water resulting from these vapors was called 
“ sweet-water,” and still receives this name, thoxagh with modem apparatus 
it contains no sugar. In refinery practice any very dilute sugar solution that 
is returned to the process is termed sweet-water.” 

358. Entrainment. — ^When sugar is carried off with the vapors from the 
evaporators and vacuum-pans, this is called entrainment.” 

359. Coefficient of Piiiiiy. — ^The coefficient of purity as usually applied 
is the percentage of apparent sucrose in the apparent solids (Bruc) of the 
material. This coefficient is calculated by divid^ the per o^t sucrose, as 

^ Bechard. So. African Sugar Jour. Vol. 12 (1928), p. 177. 
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ascertained by direct polaarization, by the degree Brix of the substance and 
multiplying the quotient by 100. The number calculated in this way is 
not the true coefficient of purity but only the apparent coefficient. The true 
coefficient of purity is calculated in the same manner, except that the per- 
centage of solid matter as ascertained by actually drying the material and 
the sucrose as determined by the Clerget or double-polarization method are 
used. 

The usage in the sugar industry is to apply the term “ coefficient of purity” 
(or more generally simply ” the purity ”) to the number when calculated 
from the apparent d^ee Brix and the sucrose by direct polarization. It is 
well known that this coefficient so calculated is an approximate number, but 
for comparative purposes it is of great value in sugar manufacture and will 
doubtless always be so used. Frequently approximate data of the purity 
of a product are required for immediate use, and as the factory superintendent 
cannot wait for a tedious determination of solids and an even more tedious 
double polarization, he uses the apparent purity, bearing in mind its short- 
comings. 

Since allowances must be made, it is advisable that the analyses always be 
conducted under very similar conditions, that due weight may be given the 
purity. 

On the other hand, the true coefficient of purity is only used in special 
researches and in making comparisons among the various products at differ- 
ent stages of the manufacture or in comparing the work of two or more fac- 
tories. In using this coefficient the word ” true ” should never be omitted 
as is often the case, rendering what would otherwise be valuable data almost 
useless. 

The expressions quotient of purity,” ** degree of purity,” “ exponent of 
purity,” and often “ the quotient,” and the “ exponent ” are used in referring 
to this coefficient. The commonest expression used is simply “ the purity.” 

With modern methods of sugar-house work, ” boiling in ” molasses and 
using crystallization in motion, the apparent pxirity is very frequently required 
and is of very great value. (See page 326.) 

360. Sucrose. Polarization. — ^These terms are frequently used synony- 
mously in cane-factory work to designate the direct polarization. The 
Clerget polarization is called “ true sucrose ” or the ” Clerget ” to differ- 
entiate it from the direct polarization figure. For brevity and simplicity this 
practice is followed throughout this book. 

361. Glucose Coefficient, Glucose per 100 Sucrose, Glucose Ratio. — 
This number is calculated as follows: 


Per cent glucose X 100 
Per cent sucrose 


glucose ratio. 


This epeffiisint is useful in detecting inversion of sucrose in the manufac- 
ture. Pl^vided no sucrose has been separated from the material and no 
j|ii|Cose hem removed or destroyed, an increase in the glucose coefficient 
ilsdieates inversion. 
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It is possible that by the destruction of both sucrose and glucose the re- 
lations between the two sugars might remain the same and yet inversion have 
occurred. 

362. Saline Coefficient Ash Raiio. — The saline coefficient is the quan- 
tity of sucrose per unit of ash. 

Calculation: 


Per cent sucrose 
Per cent ash 


ash ratio. 


363. Molasses Factor. — ^This is the ratio between the sucrose lost in molas- 
ses and the non-sucrose entering the house in the juice. 

Sue, in MoL % Cane 

(Bx. Normal J. - Suer. Normal J.) X Norm. J. % Cane “ 

This is a valuable figure in comparing the molasses work of different fac- 
tories since it takes into accoimt the percentage of molasses made and the 
sucrose content of that molasses, in relation to the amount of molasses-making 
material (non-sugar) entering the factory. It is quite evident that all these 
factors must be considered for a true comparison. The molasses factor fails 
to take into account the impurities going into the raw sugar. For this reason, 
the factor gives strictly comparable figures only where raws of the same test 
are tximed out. Obviously a factory making raws of 97® test will make more 
molasses than one turning out 96® test raws (aU other conditions being equal). 

364. Available Sugar. — Several formulae are in use for the calculation of 
available sugar or the sugar it is assumed that a factory should be able to obtain 
with juices of a given analysis. Manifestly there are several conditions that 
control the proportion of sugar that may be considered available in the mill- 
juice, viz.: the efficiency of the machinery, the quality of the juice, and the 
skin of the factory superintendent. In considering the quality of the juice, 
the nature of its impurities, as well as its richness, should be taken into 
account. A cane grown on certain soils may take up more melassigenic sub- 
stances than one of the same richness and equal apparent purity from another 
soil, and consequently the proportion of actually available sugar would be 
quite different, whereas a formula would indicate the canes to be equal. 

Available sugar-numbers are but rough approximations except when the 
elements of the factory equipment and efficiency are taken into consideration. 
The yield or recovery of sugar varies with the coefficient of purity of the juice 
and the losses in manufacture, hence a formula for available sugar should take 
these elements into account. 

The practical application of available sugar calculations except in estimating 
return from new investment, is in comparing the present work of a factory 
with that of some previous period or with that of a factory similarly located 
as regards soil and climate. Such calculations are of value in the control of 
several establishments operated under a central organization. In this event it 
is desirable to know (1) without stock-taking, how nearly a factory is approach- 
ing its previou^y demonstrated efficiency; (2) how much sugar is in process 
to determine whether the factory is becoming congested and requires either a 
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reduced grinding-rate, a modification of the process, or closer supervision of 
the personnel; (3) how much sugar is in process for commercial or accounting 
reasons and (4) whether it is more profitable to reduce the rate of grinding or 
sacrifice somewhat in juice extraction. 

Available sugar estimates also become necessary when cane is purchasjed 
on a basis of its analysis. 

The earlier formulae for available sugar were evidently based upon refining 
experience and possibly that of beet-sugar factories. The conditions in both 
of these branches of the industry are very unlike those of the cane-sugar fac- 
tory and will not apply very fully in the calciilation of the production of sugar 
from cane. 

Formula of Winter and Carp , — ^This formula, published by Prinsen-Geer- 
ligs,* is based upon experience in Java but it has found wide use throughout 
the sugar world. Many modifications have been suggested but the original 
formula is still general: 

where 

X = Available sucrose per cent cane; 

S « Per cent sucrose in the juice in terms of the weight of the cane; 

Q = Coefficient of purity of the juice. 

To calculate the available sucrose to terms of available sugar divide the value 
X by the polarization of the sugar and multiply by 100. 

The derivation of the formula is based on Winter's observations of actual 
results in Java which showed that 1 part of non-sucrose held 0.4 part of sucrose 
in the final molasses. If (7 is the purity of the juice and S the sucrose in the 
juice per cent cane (as above) then: 

Prom the Brix-Purity-Sucrose relationship 
1005/5 = (7 or 5 (Solids in Juice Per Cent Cane) = 1005/(7 
Non-sucrose in Juice Per Cent Cane = 1005/C —5. 

Therefore from the conditions assumed above that .4 pound of sucrose go to 
molasses for each pound of solids. 

Available Sucrose Per Cent Cane « 5 — .4(1005/(7 — 5) = 5(1.4 — 40/0 

Note . — ^It will be seen that if 0.4 part of sucrose occurs in the molasses 
for every part of non-sucrose the total solids must be 1.4 parts and the purity 
of the molasses is .4/1.4 « 28.57 purity. This is either “true" or “apparent” 
purity, depending on whether “ true ” or “ apparent ” sucrose and solids are 
used in the calculations. 

If this molasses purity of 28.57 is substituted in the available sucrose for- 
mula for purities (p. 384); 

^ 10D(C7 — if)/C(10Q — M) where C = the juice purity, and M the molasses 
tto rorait will cheek that part of the Winter-Carp formula (100(1.4— 

Vel. 6 , 439, 
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40/C)) which gives the theoretical retention calciilated for the various juice 
purities in the table on p. 487. Taking the first figure in the table as an 
example 

100(77 - 28.57)/77(100 - 28.57) = 88.06. 

It should be noted that the Winter-Carp formula takes no account of the 
losses in manufacture. 

The formula of Winter-Carp-Geerligs was put to many uses by Dr, Spencer. 
When used in connection with an eflBlciency number (366) the yield or recovery 
of sugar may be estimated with very considerable accuracy from the weight 
of the cane, the mill extraction and the analysis of the juice. It is perhaps 
needless to state that the analytical data must be based upon accurate sampling^ 
Should the sampling be inaccurate these calculations will call attention to the 
inaccuracy. 

The second part of the formula, 100(1.4 — 40/C) gives the sucrose 
retention ” or “ recovery ” number (366), and this number divided by 0.96 
gives the recovery in 96® sugar. A table of the values of 100(1.4 — 40/ C), 
and this value divided by 0.96 is given on pages 487, 488. 

The following example illustrates the use of this formula and the efficiency 
number (366), in calculating the available 96® sugar: 


Sucrose in the cane, per cent 14.1 

Extraction, sucrose per cent sucrose in the cane 93.49 

Coefficient of purity of the juice 84.1 

Boiling-house efficiency number 99 


Sucrose extracted per cent cane — 14.1 X .9349 = 13.18; referring to the sec- 
ond part of the table, page 488, the recovery number corresponding to 84.1 
coefficient of purity is 96.29 and 13.18 X .9629 = 12.69, the available 96® 
sugar per cent cane if the efficiency number were 100. Applying the actual 
efficiency number, 99, we have 12.69 X .99 = 12.66, the available 96® sugar. 

The following run ” and “ to date ” yields of a large Cuban factory indi- 
cate the reliability of this method for avafiable sugar: 

96® Centrifugal Sugar Per Cent Cane 


For the Run 

To Date 

Actual Yield 

Calculated 

Actual Yield 

Calculated 

9.96 

10.13 

■MH 


10.72 

10.58 




11.38 



11.85 

11.84 

10.98 


12.44 

12.33 

11.31 
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It should be remembered that run figures are more liable to fluctua- 
tions than to date,” as they may be affected by the errors of estimate of two 
runs. It should be stated that this factory was operated beyond its normal 
capacity, thus necesatatmg slight changes in its efficiency number from time 
to time. This affects the estimate of the available sugar as the to date ” 
efficiency number, for the previous run is used in the calculation. Also in the 
first run the average number for the previous crop is used. 

366. Sucrose Retention or Recoveiy.— This number is the percentage of 
the sucrose in the extracted juice that is retained or recovered in the commer- 
cial sugar. In the f oUowmg example of a sucrose balance, 92.32 is the retention 
number 


Sucrose in the extracted juice, per cent 100 

Sucrose in the sugar per cent sucrose in the extracted juice. 92 . 32 
Sucrose in the molasses per cent sucrose in the extracted 

juice 6.68 

Sucrose in the press-cake per cent sucrose in the extracted 

juice 44 

Sucrose in the undetermined per cent sucrose in the ex- 
tracted juice 66 100 


366. Boiling-House Efficiency Number (BHE).— Many factories use 
efficiency numbers to show how nearly a theoretical yield of sugar is obtained. 
This number is usually the percentage relation between the actual retention or 
recovery number (365) and the number based upon an avalable sugar formula. 
A part of the Winter-Carp-Geerligs formula, 100(1.4 - 40/(7), was used by 
Spencer in calculating the Efficiency Number of The Cuban-American Sugar 
Co.^s factories. This calculation is best illustrated by an example: Let the 
coefficient of purity of the raw juice be 86.0 and actual retention number be 
92.32, as in the previous paragraph, then 100(1.4 - 40/86) = 93.49; 92.32 
93.49 X 100 « 98.7, the efficiency number. A table is given on page 487 
from which the value of 100(1.4 - 40/Purity) may be ascertained by inspec- 
tion. 

The efficiency number is of value m calculating sugar actually available, 
as it takes mto account the losses in manufacture in the particular factory as 
compared with a factory operating under the assumed conditions of the 
available sugar formula. This number may, m rare cases, exceed 100, but 
generally this occurrence should cast doubt on weights, sampling or analytical 
work. 
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CHEMICAL CONTROL OF STTGAR-HOHSE WORK 

367. Introductory — The chemical control of the factory is intended pri- 
marily to guide the manufacture along lines of best practice and to assist in 
detecting and reducing losses of sugar. 

The control of the milling considers the cane from its delivery to the 
crusher to the delivery of the juice to the boiling-house and the bagasse to the 
fires. It is quite as important to ascertain the loss in the bagasse as to report 
the extraction of juice and sucrose to the engineer. The engineer should not 
so much consider the proportion of sugar extracted as that lost. The effort 
should always be the reduction of losses. It requires the assistance of the chem- 
ist in locating the causes of these losses. 

The crystallization of the sugar should receive constant attention. The 
purity coefficients of the massecuites should be maintained at certain numbers, 
that the pan-work may progress systematically and efficiently and that no 
unnecessary work be thrown upon the crystallizers. This facilitates the reser- 
vation of a large part of the crystallizer capacity for the low-purity masse- 
cuites. The crystallizers must be controlled to meet the best conditions of 
equipment and manufacture. Molasses is sometimes sold on a basis of its 
test, and in this event the control of the massecuites becomes of additional 
importance. 

The quality of the sugar must be controlled to maintain it upon a basis of 
the most profitable analysis. The moisture content must be kept within cer- 
tain limits to protect the sugar from deterioration in storage. 

368. Duties of the Chemist. — The chemist in the factory corresponds with 
the auditor in the accounting department. He charges the superintendent 
with the sucrose entering the factory in the raw material and credits him with 
that leaving it in the products, by-products, and losses. It is his duty to 
trace the travel of the sucrose and locate losses. 

The chemist is also the statistician of the factory. He reports the quantity 
of the raw materials, the analysis of the materials in process of manufacture 
and of the products and by-products. The chemist prepares statistics that 
have a bearing upon the control and economy of the manufacture and the busi- 
ness of the establishment. 

Research work in connection with the improvements in the equipment or 
processes is often called for and this often necessitates both technical and 
chemical training on the part of the chemist. 

The laboratory should be a part of the training-school for future superin- 
tendents. The chemist becomes acquainted with afi the methods, problems 

363 



364 CHEMICAL CONTROL OF SUGAR-HOUSE WORK 


and difficulties of the manufspCture. His control of the work should familiarize 
him with the details of the processes. The chemist^s training unfortunately 
lacks the opportunity for practice in directing and controlling labor. This 
must come to "hiTYi before he can leave the school of the superintendent. He 
should also acquire a good working knowledge of pan-boiling. 

A lesson that must be learned early in factory control is that samples must 
be representative of the materials and their integrity must be unquestionable. 
Apparatus and methods must be adapted to the* work in hand. Where the 
highest feasible accuracy is required, as in the testing of the raw materials and 
the products, no detail should be omitted or labor spared that may lead to 
dependable results. 

369, Outline of Factory ControL — ^The following is an outline of the factory 
control. This may be greatly extended by introducing “true” numbers 
instead of apparent for sucrose, etc., but this does not usually appear necessary 
in routine control. 

The weight of the cane is reported to the chemist and from this number 
and the weight and analysis of the raw juice extracted he calculates the mill- 
control numbers for the engineer and the weight of sucrose chargeable to the 
superintendent. He must later account for this sucrose in the products, by- 
products and losses. The mill control depends very largely upon the analysis 
of the bagasse, and in some cases, entirely upon this analysis. 

The raw juice is the starting-point in the control of the manufacture. Its 
weight and analysis are also elements of the mill control. The weight of the 
sucrose extracted in the juice plus that remaining in the bagasse is the basis of 
the determination of the percentage and weight of sucrose entering in the cane 
and for the calculation of the sucrose extraction. 

The analysis of the sirup or concentrated cane-juice, the “ meladura ” of 
the Spanish-American factories, is the control of the purification of the juice 
and its evaporation, and is a guide in the sugar-boiling. To obtain satisfactory 
results in pan-boiling and to bring this work to as nearly a scientific basis as is 
possible, the analysis of the massecuites and molasses is necessary. Masse- 
cuites are now usually boiled to specified purities by the injection of molasses. 
Careful control of this work is essential to a systematic grading of the materials 
for the most profitable extraction of the sugar, considering the limitations of 
the factory. Frequent control tests are also required in the conduct of the 
crystallizers. The products, sugar and molasses, are controlled both as a 
check upon the manufacture and to meet market conditions. 

The filter-|»:ess cake is one by-product whose weight may be readily ascer- 
tained. Its analysis is usually limited to the determination of the sucrose, 
thou^ occasional the solids must be determined for controlling the efficiency 
of the pressing and the quantity of water used in “ sweetening off,” or in 
reducing the cake for refiltration. 

A loss of sucrose may occur through entramment in the multiple-effects 
and vacfunm-pans. A knowledge of the temperatures of the condensing and 
condenser-watm is required in estimating this loss, (dfae p. 442.) 

*I1se chemist must judge from tiie equipm^t of the factory what control 
Vbd. may be ofmdtted without decrearing the efficienoy' of the sugar-hou^c 
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He miist under all conditions determine when he may properly, to some d^p^, 
sacrifice accuracy for the sake of promptly obtaining approximate figures for 
immediate use. 

It is just as important, that the necessary chemical control be complete and 
the laboratory records well arranged as that the accounts of the various depart- 
ments be full and accurate. 

Weights A2a> Measttbes 

370. General Considerations in Regard to Weights and Measures. — It is 
quite essential that all weights and measures should be of the same system or 
be reduced to the same system. This remark applies especially to Spanish 
America, where it is not unusual to find English and Spanish units used indis- 
criminately. 

The system of weights and measures adopted should be applied as accu- 
rately as possible. A checking-system should be devised to meet the condi- 
tions of the factory and in so far as may be possible eliminate errors in the cal- 
culations. 

371. Cane Weights. — ^There are few factories that do not wrigh their cane. 
Cane weights, however, are not essential to the control of the boiling-house, 
and in a measure may be dispensed with in mill control. In this event the mill 
control depends entirely upon the analysis of the bagasses and the juices. 

It is the general custom to use the Spanish pound in weighing cane in Cuba. 
These weights are reported in arrobas of 25 pounds, Sp. The ton (tomlada) 
contains 2000 pounds (libras) Sp. There is some confusion on the part of 
scalemakers as to the equivalence of the Spanish pound, though the leading 
scales are properly graduated. A decree of a Spanish Captain General in 
Havana gave the equivalence as 100 Spanish pounds = 46.0096 kg., there- 
fore 100 Spanish pounds — 101.4338 avoirdupois pounds. Scale-beams grad- 
uated in Spanish poimds use the word libra.'^ 

It is the custom in Cuba and in most factories to reweigh the cane on a 
central scale immediately before grinding it. This weight should be used in 
the control. 

It may occur through conditions beyond the control of the chemist that the 
weight of the cane must be estimated by an inferential method. Small fac- 
tories, and even the large ones of Louisiana, often store the cane in large piles, 
liquidating these as often as is practicable. In certain localities the cane is 
flumed or floated to the mills in water. These special conditions call for an 
inferential method. Such methods should only be used in estimating the cane 
for statistical purposes and not in the serious control of the factory. Infer- 
ential methods require a knowledge of some constituent of the cane that may 
be traced through the milling process, e.g,, the fiber, solids, or sucrose. The 
following example, from the records of a factoi^, illustrates an inferential 
method; 

Use the Java ratio (350) which gives the relationship between the sucrose 
in the crusher and the sucrose in the cane. This factor varies in Cuba from 
about 84 down to 77, the average being close to 81 for all the factories in the 



366 CHEMICAL CONTROL OF SUGAR-HOUSE WORK 


Cuba Sugar Club; the heavier the cnishing the higher ratio, of course. 
Figures as high as 90 or above have been reported by Hawaiian miUs using 
shredders.^ 

Deeir ^ found factors varying from a minimum of 0.81 to a maximum of 
0.84S and an average of 0.825. According to Pellet ^ the factor in Egypt 
is usually from 0.83 to 0.84 and may be as low as 0.82 to 0.80. 


Java ratio 0.80 

Polarization of the crusher juice 18.45 

Tons sucrose extracted in the mixed juice. 305.7 

Blber in the cane (direct test) 11.3 

Fiber in the bagasse (direct test) 48.9 

Bagasse per cent cane = 11.3 X 100 48.9 = 23.11 

Sucrose in the bagasse, per cent 4.5 

Sucrose in the cane, per cent = 18.45 X 0.80 = 14.76 


Sucrose in the bagasse per cent cane *=23.11 X 0.045 = . . . 1.04 

Weight of cane = sucrose extracted sucrose per cent in cane — loss 
in bagasse = 305.7 (14.76 — 1.04) = 2228 tons. The weight reported 

from the central scales was 2209 tons, showing the factor to be approximately 
0.80. In this example, taken from the records of a well-controlled factory, 
the fiber in the cane was actually determined by the indirect method. Where 
an inferential method must be used a direct fiber determination must be made, 
thus adding to the uncertainty of the method. In this method, but three 
diements are accurately determined, viz., the polarization of the erudier juice, 
the sucrose extracted by the mills and the analysis of the bagasse. 

372. Weight of the Jidce. — ^Practically all factories of any size whatever 
in Cuba and Porto Rico weigh the mixed juice in tank scales, hand operated. 
These scales are tanks with conical bottoms to facilitate washing, arranged in 
pairs so that one is emptying while the other is filling. Counters, printing 
counterpoises and other control devices are used with these scales. A factory 
grinding about 2000 tons of cane per day requires two tanks, each holding 
about five tons of juice. 

On the accuracy of the weight of the mixed juice depends the entire control 
ci the cane factory and extreme care should be taken at this station to avoid 
even small errors, particularly those which may tend to become cumulative. 

Automatic juice scales are on the market but are not in use in sufEident 
numbers to warrant comment. The simplicity of the hand-operated scales 
gives them the advantage over automatic devices. 

373. Measurement of the Juice and Calculation of Its Weight. — ^The 
measurement may be made with a fair degree of accuracy in factories using 
separate liming-tanks though the results are never as satisfactory as with juice- 
scales. At least three tanks are required and these should be coxmected with a 
much deep^ tank, serving as a pump-tank. The pump-tank must be deep 
enoug^L to admit ai complete drainage of the lurubg-tanks. The tank-valves 

Planter. Vd. 68 (1922), No. 2. 

^ Xht: Sugar. Joum., 1911, 13, 15. 

Sugar 1912, U, 587. 
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^ould be well ground to prevent juice from pajssing from a full to an empty 
tank. All of the tanks should have conical bottoms and spray-pipes for wag- 
ing. An overflow-pipe should connect each tank and with a trunk line lead- 
ing back to the mills. A T,” inside the tank, should connect by the side 
branch with the overflow-pipe. The upper outlet of the “T*' should be 
extended well above the foam on the surface of the juice and the lower outlet 
a few inches below the surface, by nipples. The object of this arrangement is 
the provision of a free overflow for the juice, without interfeorence by foam- 
A 3-inch T ” is a suitable size. 

The measuring-tanks should be calibrated with water under service condi- 
tions. Corrections must be applied to the measured volume for temperature, 
milk of lime added and for air entrained with the juice. The allowance for 
air should be determined experimentally. It varies with milhng and pumping 
conditions. A tank should be filled to the overflow with juice and its tem- 
perature be noted. After a few hours the temperature and shrinkage of the 
juice should be noted. A factor should then be figured from these data, making 
allowance for change due to temperature. It is advisable to add formalde- 
hyde to the juice to insure its preservation and to make the period of rest as 
long as is practicable. Occasionally factories warm the juice moderately on 
its way to the liming-tanks. This reduces the error due to entrainment of air* 
The method of calculating the weight of the juice from its volume is given on 
page 386. 

Some gTYiflll factories are compelled to measure the juice in the defecators- 
Such measurement is very unsatisfactory. A block of wood should be 
arranged to indicate the point to which the vessel is to be filled. Correction 
must be made for the of lime used and for temperature. It is customary 
to heat juice the moment the heating surface is covered, reaching the 
** cracking ” temperatine about the moment the defecator is full. This 
expels the air and gases which carry a part of the precipitated impurities to 
the surface with them. This scum adds to the difficulty of making an accurate 
measurement. The calculations are made as given on page 386. Apparatus 
for the automatic or semi-automatic measuring of the juice eliminate some of 
the sources of error in hand-measurement but these devices are little used and 
not to be recommended. 

374. Measurement and Wei^t of the Sirup.— The weight of the sirup is 
not usually required, except in taking account of the stock of the material in 
process. 

It is the present tendency of the factories, in view of improvements that 
have been made in the defecation, to hold the arup only long enough to meet 
the pan requirements. 

The sirup must be occasionally measured in taking account of the sugar 
in process for the run reports. For this purpose the tanks should be gained 
volume per inch of depth be tabulated. In these measurements it is 
more convenient to note the inches out ” and figure the sirup in the tank by 
difference. 

376. Measurement and Weight of the Massecuites.— The measurements 
in the mwr and especially in the crystallizers should be made immediately on 
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striking the masseciiite, on account of its increase in volume alter stirring or 
further crystallization. 

The measurement or weight of the massecuite is usually only required at 
the end of a “ run ” or period for calculating the quantity of sugar in process 
of manufactxire. In very large factories the errors in these measurements, 
when carefully made, are so small as compared with the amount of material in 
process that they may be neglected. 

A sample of the massecuites should be drawn, when striking, for analyses 
for use in maTring the necessary calculations and for the guidance of the sugar- 
maker in the conduct of the pan-work. 

376. Sugar Weights. — ^The accurate weighing of the raw sugar is of equal 
importance with the juice and cane weights and this phase of the technical 
control should be under constant supervMon both by the laboratory and the 
factory superintendent. 

Dependable automatic scales, of a type similar to those that have long been 
used in the weighing of refined sugar, are now generally employed for weighing 
raws. These use a mechanical arrangement to regulate the flow of the sugar 
into the weighing hopper and to adjust the dribble ” or last small quantity. 
One type of these scales will accurately weigh more than 100 bags of 325 pounds 
of raw sugar per hour. Because of the sticky nature of raw sugar the scales 
should be frequently cleaned and the delivered weight checked. Richard- 
son’s and the ** libra ” Scales are in general use in Cuba. 

377. Measurement of the Molasses. — ^The measurement of the molasses 
is accompanied by difficulties arising from the nature of the material itself. 
Molasses is very viscous and drains dowly from the containers, making suc- 
cessive measurement in a tank uncertain. Further, heavy molasses occludes 
conriderable quantities of air. This occlusion of air raises the question of a 
definition of the commercial gallon of final molasses. (See 298.) 

Molasses that has been reduced with water preparatory to reboiling is 
readily measured in the tanks. Final molasses should be weighed in tank- 
cars when possible, on account of its importance in the factory control. A 
" wantage table ” is given on page 425 for the measurement of the molasses in 
horizontal cylindrical tanks (tank-cars). The amoimt of air occluded varies 
with the container, the method of filling it and the period that elapses between 
fiJling and measuring. As has been stated (298) a molasses may weigh less than 
11 pounds per U. S. gallon, measured immediately after filling a tank-car 
while the air-free wdght of the same molasses was 12 pounds. This indicates 
the importance of e3q>erimental data as a basis of calculation of the weight of 
the molasses in meeting local conditions. A float measurement, using a 
copper float, may be employed for molasses stored in very large tanks. 

PneumercalcT ” Attachment for Molasses Tanks , — ^The “ Pneumercator ” 
is a patented device for wrighing the material in a tank by means of the pres- 
sme on a delicately adjtisted air chamber communicating with a mercury 
gauge calibrated for each particular tank. The gauge is marked to register 
in any oonvoiient unit; poxmds or tons bring the usual markings. The 
hjyslpeefeaiac isessure of the molasses on the air-chamber is the actuating force 
,00 a@ questioii of foam and aflowance for ocduded air is elimmated. Many 
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checks on this device have been made against actufd weighings of Cuban 
molasses and the agreement is highly satisfactory. The pneumercator has 
eliminated aU the difficulties enumerated above concerning the measurement 
of molasses. 


Mill ExTRAcnoN 

378. Mill Extraction. — ^The quantity of juice or sugar removed from the 
cane by the mills, the mill extraction, is usually expressed in two ways, viz., 

(1) (Juice Extraction,) The weight percentage on the cane of the mixed 
juice calculated to terms of the density of the normal juice. This expression is 
gradually being superseded by the second, which has become quite reliable 
through improvements in analytical and milling methods. (2) (Sucrose 
Extraction.) The weight of sucrose extracted in the juice per cent of the 
weight of sucrose in the cane. . This number owes its almost universal adoption 
not only to the fact that it directly indicates the sucrose extraction, but also 
because it is less influenced by the variations in the composition of the cane. 
This number was formerly unreliable because it was based upon the direct 
analysis of the cane or upon a sucrose number derived in the incorrect assump- 
tion that the juice as it exists in the cane is of uniform composition. 

(1) Extraction in Weight Terms of the Cane and Normal Juice , — ^Divide 
the weight of diluted or mixed juice (372) by the weight of the cane and point 
off for percentage, to ascertain the per cent dilute extraction; calculate the 
dilution per cent cane (390) and subtract this number from the dilute extrac- 
tion number. The remainder is the extraction of normal juice per cent cane. 

(2) Extraction in Percentage Terms of the Weight of Sucrose in the Cane and 
the Extracted Juice , — Calculate the weights of sucrose in the diluted juice and 
in the bagasse. The weight of the bagasse is ascertained by subtracting the 
weight of the diluted juice from the sum of the weights of the cane and satura- 
tion-water, The sum of the weights of sucrose in the extracted juice and the 
bagasse is the weight of sucrose in the cane. The weight of sucrose in the 
extracted juice divided by that in the cane and the quotient multiplied by 100 
is the extraction number in terms of the sucrose in the cane and in the extracted 
juice. 

(3) Extraction in Dry Miding, Le., without Saturation . — ^The calculations 
are similar to those of (1) and (2) except that no water of dilution need be con- 
sidered. 

Example illustrating methods of calculating the extraction: 


Tons of cane ground 3254 

Ton of dilute juice extracted 3450 

Tons of saturation-water applied to the bagasse 877 

Degree Biix of the crusher juice 19.21 

Factor for reducing the Brix of the crusher juice to that of 

the normal juice. (341) 0.97 

Degree Brix of the diluted juice 14.52 

Per cent sucrose in the diluted juice 11.98 

Per cent sucrose in the bagasse 2.90 
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(1) Brix of the normal juice = 19.21 X 0.97. 18.63 

Dilution per cent diluted juice 

= 100(18.63 - 14.52) 18.63 = {See 388) 22.06 

Dilute juice extraction = 3450 h- 3254 X 100 = 106.02 

Dilution per cent cane « 106.02 X 0.2206 = 23.39 

Mill extraction, noimal juice per cent cane 

= 106.02 - 23.39 « 82.63 

(2) Weight of bagaese « (3254 -f- 877) - 3450 = 681 tons 

Sucrose in the bagasse = 681 X 0.029 = 19.745 tons 

Sucrose in the extracted juice = 3450 X .1198 « 413.31 tons 

Sucrose in the cane *= 413.31 + 19.745 = 433.055 tons 

Mill extraction, sucrose extracted per cent sucrose in cane, 

413.31 ^ 433.055 X 100 = 95.44 

R4siun6: 

Dilute juice extraction, per cent cane 106.02 

Dilution, per cent cane 23.39 


Extraction, normal juice per cent cane 82.63 


Extraction, sucrose extracted per cent sucrose in the cane. 95.44 


379. Diy Milling Extraction Number, (For MiU Adjustments,) — Consid- 
erable information of value concerning the performance of the various Tnills 
in a tandem may be obtained from the analysis of the bagasse as it passes from 
one mill to the next mthout saturation. A section of the bagasse blanket is 
marked in any convenient way (a boundary of dark oil, colored stain, lime, or 
the like) and samples are taken from this section as it emerges from the differ- 
ent mills. The bagasse from each mill is analyzed. The extraction of each 
mill may be calculated from the fiber as follows: Juice extracted per cent 
cane = (per cent fiber in bagasse — per cent fiber in cane) per cent fiber in 
bagasse, times 100. 

380. Saturation. Maceration. Imbibition. — ^The quantity of water used in 
saturating the bagasse can only be determined with certainty by weighing or 
by accurate measurement. An estimation of the water is sometimes made by 
an inferential method similar to that used in estimating the weight of the cane. 
Inferential methods for the water are open to the same objections as those for 
the weight of the cane. 

The water should be actually weighed and its percentage on the cane cal-' 
culated or it ^ould be measured and calculated over to weight. The percent- 
age should be in terms df the wdght of the cane. 

In Hawaii the dilution is expressed in terms of the normal juice instead of 
the dilute juice as in Cuba and Porto Rico. 

Dihxyon per cent Normal Juice = (Brix Normal Juice “ Brix Dilute 
Juice) 4- Bm dilute juice times 100. 

per cesA cane « wdgjat of the water weight of the cane 
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There was formerly much confusioxx among sugar-chemists in the method 
of stating the amoimt of saturation-water used. Dr. Spencer su^ested the 
adoption of the expression “ Per cent dilution ” for the water as calculated 
from the density of the juices, since this represents the water, in terms of 
the total juice, that must actually be evaporated on account of the use of sat- 
uration. For the saturation-water as calculated from its weight and that of 
the cane, the expression “ Per cent saturation ” or “ maceration ” was sug- 
gested. Today these two expressions as above understood arc almost univer- 
^lly used in sugar factory practice. 

CoNTBOL 07 THE SuGAB-BoILING 

381. Control of Vacuum-pans and Crystallizers. — ^The control of the vac- 
uum-pans and crystallizers requires rapid analytical work of moderate accu- 
racy. 

The analysis of the sirup as made in the dally routine work, or in its stead 
the analysis of the juice, and that of the molasses indicate the quantity of the 
latter to be drawn into the pan to produce a massecuite of the desired purity. 
If a cut strike is to be boiled, the purity of the above massecuite and that of 
the molasses to be boiled-in, supply the data for calculating the quantity of 
each of these required to produce a massecuite of a certain purity. These 
calculations are made by the following formula, with sufficient accuracy for 
the purpose: 

Let 100 = total weight of massecuite in the strike; 

P = purity of the sirup, or, in the case of a cut strike, that of the 
massecuite left in the pan; 

p = purity molasses to be boUed-in; 

M = purity of the required massecuite; 

X — percentage by weight of that part of the strike to be formed of 
molasses; 

100 — a; = percentage of the strike to be derived from sirup or from a pre- 
vious boiling; 

100(P - M) 



The proportions of the materials used in making a mixture of a certain 
purity may also be quickly calculated by the diagram method, page 386. It 
is not feasible in pan-work to base the calculations on actual weights. The 
approximate densities of the massecuite footing, for example, and the molasses 
to be boiled in should, however, be considered. 

A sample of the mixed massecuite should be brought to the laboratory 
immediately the strike is dropped. A portion of this should be dissolved in 
water to form a solution of about 15'’ Biix, and its apparent purity should be 
determined. A second portion should be purged in a laboratory centrifugal 
and the purity of the molasses be determined as above. 

The labor of calculating the apparent coefficient of purity may be avoided 
by the use of the expanded Home’s table, page 494. 
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The purity data of the massecuites and molasses samples should be 
promptly sent to the superintendent and the pan^boiler. All mixed strikes, 
especially those of the lowest purity, should be con- 
trolled in this way. The relation between the purity 
of the massecuite and the molasses purged from it 
in the laboratory, immediately after boiling, is a 
valuable guide in boiling low-purity mixed strikes. 
A convenient centrifugal is shown in Fig. 130, and a 
filtering device in Fig. 131. This filter is inexpensive 
and very efficient. It is a copper funnel, separable 
at the ground joint, A, to facilitate cleaning. The 
filtering surface is of centrifugal lining-sieve having 
about 625 round holes per square inch. The sieve 
must be supported by braces. The funnel is used in 
connection with a vacuum-filtering fiask. Connection 
is made with the vacuum system of the factory. 

Very often this method of control wiU indicate 
whether the pan-boiling is good or poor. When a 
low-purity massecuite yields a high-purity molasses, 
on immediate purging, it indicates poor boiling. A few days’ experience with 
the pans, following the work with these control-tests, will usually indicate 
whether the sugar-boilers are obtaining the best re- 
sults the pans and material are capable of yielding. 



Fig. 


130. — ^Laboratory 
Centrifugal. 


Division op the Season into Periods 

382. Division of the Manufacturing Season into 
“ Runs ” or Periods. — ^In order properly to present 
the laboratory and manufacturing data to the 
management of the sugar-house, the season should 
be divided into a series of short periods, or “ runs.” 

In a factory that is not operated on Sundays, the 
periods may conveniently end with that day, making 
a run of two weeks. In many factories it is cus- 
tomary to dose a period’s work when the machinery 
is necessarily stopped on account of bad weather or 
a mishap. 

Dr. Spdicer prefezred to close a period arbitrarily, 
after a certain number of days’ work, in order that 
the periods of one crop may be readily compared 
with those of previous years. In view of the very 
great labor involved in securing the data, making 
the calcularions and preparing the reports, a period 

of two weeks is a convenient one. Moreover, this permits setting apart a 
certain day of the week for stock-taking. 

H ^ inachinery isidle, itisonly necessary to measure thequantity of material 
in process at the various stations, and calculate their commercial sugar-value. 



Fig. 131. — Massecuite 
Funnel for Separating 
the Molasses. 
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If the factory is in operation the following is the mode of procedure: 

The chemist should prepare slips of paper with the numbers or other 
designations of the tanks and various pieces of apparatus, conveniently 
arranged for noting the measurements at the stations. 

If the factory day ends at midnight, for example, the chemist, an assistant, 
and the laboratory helper, provided with sample cups, a measuring-rule and 
a thermometer should at that time go systematically through the factory 
drawing samples of the juice, etc., and measuring the quantity of material at 
the various stages of manufacture at the same time noting the temperature. 
This stock-taking should b^g^ with the juice and end with the sugar, and must 
include all material in process, even the sugar in the centrifugals. It is usually 
more convenient to measure the depth of the empty space in the tanks, rather 
than that of the liquor. By using a very small measuring-cup for sampling, 
one cupful, for example, may be drawn from a quarter of a tank of sirup, two 
cupfuls from half of a tank and so on, thus forming a composite sample that 
will represent the average composition of the sirup with af air degree of accuracy. 
If the tanks are of different sizes, the quantity drawn from each must be varied 
accordingly. 

The volume of juice in the multiple effects should be estimated and may be 
considered a constant quantity from run to run, when the apparatus is in use. 
The material in the multiple effect may be measured when liquidated into 
tanks or the apparatus may be calibrated with water at the beginning of the 
season. The density of the sirup in the vessels of the evaporator should be 
ascertained from time to time as a guide in calculating the sugar value. 

By prearrangement with the sugar boiler, certain tanks of sirup (mela- 
dura) and molasses may be omitted as such from the stock and be used to 
complete strikes of massecuite then in the pans. Thus these massecuites 
need not be measmred until they reach the crystallizers or if immediately 
purged, the sugar and molasses may be separately conddered. If this arrange- 
ment is not feasible, the sugar boilers should, at the whistle ognal, note the 
depth of sirup and molasses in the tanks and indicate the approximate depth 
of massecuite in the pan by chalk marks. The condition of the noassecuite 
should be noted or, preferably, proof-stick samples should be drawn for analysis. 
The quantity of sugars in the centrifugals, hoppers and bins should be noted, 
also the last serial package number. 

Stock-taking in a large factory need require but a few minutes if the above 
scheme be followed. The results are practically as accurate as were the stock 
taken during a shut-down. 

When the run report is called for to include a certain date, the work of 
stock-taking may be facilitated should it be known that the factory will be 
shut down a day in advance or a day later for cleaning or other reason. In this 
event the' cane ground before or after the date is either carried as stock and 
figured to sugar or its product is deducted as the case may require. 

383. Estimation of the Yield of Sugar for Stock in Process.— The samples 
having been taken as described, these are carried to the laboratory and ana- 
lyzed for Brix, sucrose (polarization) and apparent purity. From suitable 
tables prepared for the various sized tanks in the factory the volume of each 
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of the different grades of material is calculated to convenient imits (gallons, 
cubic feet or metric measurements as preferred). Formerly the available 
sugar in each grade of material in stock was calculated by yield formulae dif- 
fering fox the different grades. The methods now in use is similar to that 
employed for many years for calculating stock in refineries; namely to obtain 
the total of the solids, sucrose and impurities of whole stock and then calculate 
the available sugar and molasses from these data. 

On a suitable “ stock sheet ” form the data as obtained should be entered, 
columns being provided for Grade of Material; Temperature, as observed in 
the factory (T); Volume of Material (1); Brix of the material at the tempera- 
tine T (obtained as described below); Weight per Unit Volume at this tem- 
perature (2); Wright of the Material [(1) X (2) = (3)]; Corrected Brix 
(17 or 20®) (4); Weight of Solids [(3) X (4) = (6)]; Sucrose (polarization) 
(6); Weight of Sucrose [(3) X (6) * (7)] Wright of Impurities [(6) — (7) 
« ( 8 )]. 

The Brix at the factory temperature T is not obtained by direct observa- 
tion but by re-correcting the Corrected Brix (4) back to the factory tempera- 
ture T. For example: Suppose the clarified juice in the factory to have a 
temperature of 80® C and a corrected Brix (17i° C.) of 15.20. By the table on 
p. 468, 80® C., has a correction of 6.59. Then 15.20 — 6.59 * 8.61, is the 
Brix at 80® C., and the corresponding weight per unit volume may be found on 
p. 461. Similarly if the standard temperature is 20® C., and the corrected 
Brix is at that temperature, the correction is obtained from the table on p. 469 
and the weight per unit volume from the table on p. 459. 

The totals for the weight of material (3), Solids (6), Sucrose (7), and Impur- 
ities (8), having been obtained, the average purity of the stock in process is 
obtained thus: 


■ average coefficient of purity of stock in process (C). 


Weight of Sucrose 
Wright of Solids 

Let X = yield of anhydrous commercial sugar in terms of the solids in the 
stock; 

C' = Purity of sugar produced in that period; 

M — Purity of Molasses produced in that period. 

^ • 100(a - ilf) 

Then x = -^^7 — (See page 383.) 


Wri^t of solids in Stock (5) multiplied by x equals weight of dry com- 
mercial sugar (9) which, divided by the per cent solids in the sugar for that 
period equals the weight of commercial sugar in stock (10). 

Solids in Stock (5) minus Solids in Sugar (9) equals weight of solids in 
Molasses (11) which, divided by Brix of molasses equals wright of molasses in 
stock (12) multiplied by per cent sucrose in molasses equals wright of sucrose 
in nKdia^ses in stock. The weight of molasses (12) divided by the weight per 
gives the gallons of molasses in the stock. 

•Saviz^ thus iktermmed the weight of Sugar m stock (10) and the wri^t 
of . molasBes in stoek (12), these may be added to the sugar and molasses 
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actually made, thus giving '‘sugar made and estimated” and "molasses 
made and estimated” for the calculations of the various data, retention, 
yield, losses, etc., for the technical report. The usual practice is to calculate 
the figures " to date ” and, by subtraction of previous " to date ” figures, 
obtain the figures for the run. 

Losses op Suoab in Manupactuhb 

384. Classification of Losses. — ^The various losses may be classified into 
two general kinds (1) determined and (2) undetermined. The only losses 
which are determined and recorded in regular sugar-house control are those 
in the bagasse and filter-press cake and these losses are of the mechanical type, 
«.e., the sugar is lost as such, in the form of sucrose. 

386. Beteimined Losses . — The Bagasse . — ^The loss in the bagasse is calcu- 
lated from the estimated weight of the material and its analysis. 

If the weight of the saturation-water be known, the bagasse is the weight 
of the cane + weight of saturation-water — weight of the mixed dilute juice. 

It may occur that the weight of the saturation-water is not known. In 
this event an inferential method must be used. Fiber per cent cane X 100 
fiber per cent bagasse » bagasse per cent cane. The uncertain quantity in 
this calculation is the percentage of fiber in the cane, due to the difficulty of 
sampling the cane. This latter method is generally employed in Hawaii. 

Filter-press Cake . — ^The loss of sucrose is calculated from the analysis and 
weight of the press-cake. 

The weight of the press-cake is usually estimated from the actual average 
weight of the contents of several filter-presses. When this is not practicable, 
the cake from a single chamber or frame of the press is weighed from time to 
time to obtain an average weight and this number is multiplied by the number 
of cakes in the press, to obtain the total weight. The cake weighs approxi- 
mately 60-62 pounds per cubic foot. 

There is a loss of sucrose in the juice absorbed by the filter cloth. This is 
usually included with the unknown losses. This quantity varies with the 
filter-press methods. It will vary from almost nothing with double filter- 
pressing to 0.5 pound or more per filter cloth. 

386. Undetermined Losses. — (a) Apparent Losses . — ^These are not real 
losses, as the name implies, but they may play a large part in the reported 
losses of a factory. They are due to some error in cane, juice or sugar weights; 
or to errors of analysis or to incorrect stock estimates. These last will correct 
themselves in " to-date ” figures. Apparent losses are reducible to a minimum 
by careful supervision of weights, tests and methods. It is equally evident 
that the same errors which cause apparent losses may, if operating the opposite 
way, cloak true losses and tend to make the factory figures appear much 
better than they really are. 

(5) Mechanical Loss ^. — ^These include all waste of sugar in the form of 
sucrose. Besides the known losses in bagasse and press-cake enumerated 
above, there may be losses of sugar solutions to the sewer throu^ leakage or 
spillage, though in a well-regulated factory such losses should be n^ligible. 
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Eutramment is a xnecbamcal loss, the si:^ar being carried over from the vacuum 
apparatus to the condenser waters in the vapor in the form of minute bubbles 
(‘‘Vesicular transference*')- Modem apparatus practically eliminates this 
source of loss but a constant check shovdd be kept on condenser waters (see 
p. 351). 

The loss by entrainment may be estimated by Norris' table, page 442, froi^i 
the analysis of the water flowing from the condenser and its weight as calcu- 
lated from the temperature changes and the quantity of water evaporated. 
Detailed instructions are printed with the table. 

(c) Imersim and Decomposition Losses . — ^The chemical nature of inveraon 
has already been described' (192.) It may be well to repeat that sucrose, when 
acted upon with acids or acid salts, changes into a mixture of dextrose and 
levulose called “ invert sugar ” (generally called “ glucose ” together with aU 
other reducing sugars, and so called in this book). The extent of the inversion 
depends upon the nature of the acid (mineral adds having a much greater 
inverting power than organic acids); the quantity of the acid present in relsr- 
tion to the amount of sucrose: the temperature of the acid-sucrose noixture 
(increase of temperature speeds up the inversion greatly) and finally the time 
that the acid and sucrose are in contact. The hydrogen-ion concentration 
(pH) is a function of the first two factors (kind and amount of acid present) so 
the importance of pH control in the prevention of inversion losses is therefore 
evident. 

The estimation of inversion in a sugar factory is a complicated matter 
because of the simultaneous decomposition of sucrose and glucose from the 
action of heat and alkalies. Glucose ratios (relationship between sucrose 
and reducing sugars 361) on the successive products are of value in indicating 
excesdve inversion but the assumption in the use of such ratios is that no glu- 
cose has been decomposed. 

Preveniion of hwersion Losses . — Both inversion and decomposition losses 
can be largdy prevented by a strict pH control on the clarification. Walten, 
McCalip and Homberger * showed that the initial pH of the juice should be 
such that it will reach the sirup stage with a pH between 6.7 and 7.0. If the 
sulphitation process is employed, a lower pH may be safely carried. (See 
page 58.) Under these conditions inversion dining clarification and subse- 
quent evaporation and boiling can be reduced to. a minimum and the decompo- 
^tion of glucose due to excessive alkalinity will be avoided, so far as possible. 

Glucose is usually destroyed to some extent in the manufacture, therefore 
it is advisable to figure a glucose balance as well as a sucrose balance to obtain 
light on the losses. 

Changes in the saline coefficient are sometimes used in tracing losses either 
by inversion or mechanically. Zimmermann ^ suggests a method based upon 
the persistence oi certain of the soluble salts throughout the manufacture. 
{See page 383.) He determines the sucrose by the Clerget method and the 
ash as sulphated ash. He transfers the ash to a beaker and precipitates the 
hiBi^ etc., with mumopium oxalate in the presence of ammonia, washes 

Jnd. Ehg. Chem. ’ Vol. 17 (1925), 51. 

• ' ^latL 1914, 16, 38^, 
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out the soluble sulphates left in the precipitate and determines their quantity 
by difference. The calculations are illustrated by one of Zimmennann's 
examples: 

Mill-juice: Sucrose, 10.5 per cent; soluble sulphates in the ash, 0.31 per 
cent; 0.31 : 10.6 = 1 : a: and x = 33.87, the ratio for juice. Sirup: Sucrose, 
46.3 per cent; soluble sulphate in the ash, 1.38 per cent; 1.38 : ^.3 ^ I ly 
and y = 33.55, the ratio for sirup. The change in the ratio from juice to sirup 
is 33.87 — 33.65 « 0.32, corresponding to 0.32 per unit of sulphates. Then 
33.87 : 0.32 = 100 : x » 0.94, per cent loss on sucrose in the juice. 

This is evidently a very exaggerated example. The soluble sulphates are 
much hi^er than the usual total ash and the loss is excessive. This method 
is quoted to call attention to this class of investigations. 

Labobatort and Factobt Records 

387. Test Books and Records. — ^It is difficult to plan a set of books and 
forms without knowing something of the needs of the owners, the force of 
chemists available for control and whether this control is to be partial or fairly 
complete. 

The usual reports include: (1) A slip for the Manager, Superintendent and 
Engineer, giving preliminary data of the mill work and control analyses of the 
juices, the output of sugar and the fuel consumption; this ^ould be supple- 
mented by frequent reports to the Engineer on the analysis of the bagasse. 
(2) The preliminary report should be followed by what may be termed an 
operating report,” which should include data covering the entire line of 
chemical control and the manufacture. This should include mill and manu- 
facturing statistics. (3) Run reports at stated intervals, giving a rdsumd of 
all data collected both for the run and to date, including a sucrose balance 
and a statement of yield and losses. The data should be full enough to indi- 
cate the methods of manufacture and supply the owners a permanent record 
of methods. Working and lost time should also be reported to indicate what 
portion of the factory's capacity is being utilized. (4) Laboratory records: 
(a) Used in the analytical work. (5) Extraction figures, etc. (c) Records of 
pan-work, (d) Unit-book, used in recording the quantities of materials, 
products and by-products and in calculating weighted averages. 

Printed forms should be supplied for the entries in the routine laboratory 
work. A large space should be provided in these forms for the figuring with a 
view to tracing errors. The use of printed forms also promotes systematic 
work. A loose-leaf binder is convenient for these forms and a sheet should 
be used each day. All figuring should be on the sheets or in fecial books and 
never on scraps of paper. 

It is advisable to have printed forms for calculating and recording mill data, 
operating and lost time and fuel consumption. A special blank should be 
posted at the mills for reporting the delays and their causes. These figures 
should be tabulated from time to time for the use of the General Manager and 
the Chief Engineer. 

The daily laboratory reports, for a fairly complete control, ^ould include: 
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(1) Analyses of the diluted, normal (calculated) and residual juices. (2) 
Fiber and sucrose in the cane. (3) Analysis of the sirup. The Brix is for the 
control of the evaporation and the purity coefficient for that of the defecation. 
(4) Analyses of the massecuites and molasses to control the inj ection of molasses 
and the work of the crystallizers. (5) Moisture and polarization of the sugars 
and occasionally a^h tests. The moisture has a bearing on the storage quali- 
ties of the sugar; the polarization must meet market requirements; the ash 
is an additional check upon the purification of the juice. (6) Analysis of the 
final molasses to meet market conditions and to control the pans, crystallizers 
and centrifugals. (7) Analysis of the filter-press cake to control the loss of 
sugar. (8) Analyses of the bagasse at frequent intervals, including moisture, 
fiber, and sucrose tests, for mill control. (9) Frequent examination of the 
feed-water for sugar, for the protection of the boilers. (10) Entrainment tests 
in the condenser water, to protect against carelessness in the evaporation and 
in the pan-boiling. 

The manufacturing data that should be included in this report are records 
of the cane ground per hour and per day; operating and lost time; saturation 
and dilution; mill extraction; available sugar, sugar in process and sugar 
dried; fuel consumption. These figures should be for the day and to date. 

A convenient arrangement of a run report is to place the manufacturing 
data on the lefthand side of the sheet and the analytical data and figures 
derived from them on the right. 
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SUGAR-HOUSE CALCULATIONS i 

888. Introductory.— All materials to be dealt with by the chemist are com- 
posed of sucrose and non-sucrose, the latter including water, dextrose, levu- 
lose, organic non-sugars, (marc, etc.) and inorganic matter (ash). Certain of 
these substances persist throughout the manufacture, others through but one 
or two stages of it. A knowledge of the proportions of these substances in the 
original material, products and by-products, is the basis for the construction of 
algebraic equations, with which yields, quantities, capacities, etc., may be 
calculated. 

For the purposes of the usual calculations, in addition to the proportions in 
which the various constituents are present, certain relations between the con- 
stituents themselves are often required, such as purity coefficient, saline 
coefficient, etc. The problems are very simple when a constituent of the 
original material passes practically unchanged through the processes, e,g,, 
the fiber in dry milling. 

The following formula illustrates the principles mvolved in many of the 
sugar-house calculations. ^ The water used in saturating the bagasse in milling 
cane dilutes the extracted juice; the percentage of this dilution is ascertained 
by means of an equation based upon the fact that the solids (Brix) of the 
extracted normal (undiluted) juice are present in the diluted juice: 

Let 100 = the weight of diluted juice; 
h « degree Brix of diluted juice; 

B = degree Brix of normal juice; 

X « weight of dilution-water in diluted juice; 

100 — a: = the weight of normal juice, 


then 

1006 = B(100 - a;) and x = 100 -lOOb/B = 100(B - h)/B. 

This is the usual dilution formula and is used because it is the diluted juice 
that is weighed or measured. The value of x multiplied by the percentage of 
dilute juice extracted from the cane gives the dilution in terms of the weight of 
the cane. 

In a mmilflT way, calculations may be based upon the fiber of the cane, the 
dry matter of the press-cake, the ash or a constituent of it, etc. 

Since many of the numbers ascertained in sugar analy^ are not absolute, 
most of the results of sugar-house calculations based upon them are approxi- 

^ The mark " /'’ is used to indicate division. 
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mations, but are usually sufficiently accurate for the purposes of the manu- 
facturing control. The prime requisite is that the analyses be conducted with 
such a degree of exactness that all results will be strictly comparable. These 
considerations apply especially to massecuites and molasses in whose analysis 
absolute results cannot be expected. 

The full work of deducing the formula is usually given in the following 
paragraphs, with a view to as^ting the beginner in the construction of for- 
mulae that are not given or that are necessitated by special conditions. 

389. Biy-milling Formula. — ^The fiber or marc is the constant: 

liet 100 * the weight of the cane; 

B = the weight of the bagasse from 100 cane; 

F s the percentage of the marc in the cane; 

F^ = percentage of marc in the bagasse; 

X « percentage of juice extracted; 

(1) a; = 100 - B; (2) F'B * lOOF; whence B » lOOF/F'; 
substituting the value of B in (1) 

a; * 100 - lOOF/F' = 100(F' - F)/F'. 

The similarity of this formula and that for calculating dilution (388) is 
noticeable. This ^ould be expected since in the one the constant (Brix) is 
diluted and in the other the constant (marc) is concentrated, ^.e., its percentage 
relation to the bagasse as compared with cane increases. 

390. Dilution Formulae. — ^The formula for the dilution of the mill-juice 
in terms of the diluted or mixed juices has been given in the Introductory (388). 
To reduce this number and the following dilution number to percentage terms 
of the weight of the cane, it is necessary to multiply the values of x by the 
percentages of diluted and normal juice, respectively. The dilution per cent 
normal or undiluted juice is calculated as follows: 

Let 100 « the weight of normal juice; 

B = the Brix of the normal juice; 

b = the Brix of the diluted juice; 

X = the percentage of dilution in terms of the normal juice, 

then 100 +x the weight of the diluted juice, and since all the solids (Brix) 
of the normal juice are found in the diluted juice, 6(100 + x) = 100 B and x = 
100 B/b — 100 « 100(B — 6)/6. This number is used in certain countries 
to indicate the quantity of maceration-water that has been used, though in 
fact it only indicates the part of the water that has passed into the juice. 

391. Concenttation and Evaporation Formulfle. — ^These formulae are simi- 
lar to those for dilution and are derived in the same way: 

Let 100 the wei^t of the juice, etc.; 

6 « the Brix of the juice; 

. B » ihaBrix4^thecx»ac^trate; 

» the pe^c^xteg^ by wright, of water evaporated; 
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then 

1006 = (100 — x)B, whence 

X - 100(B — 6)/B, {See Table 26, page 439.) 

The percentage of evaporation by volume is derived as follows: 


Let 100 = the volume of the juice, etc.; 

6 « the Brix of the juice of g specific gravity; 

B = the Brix of the concentrate of 0 specific gravity; 
X = the percentage, by volume, of water evaporated; 

GB{m - «) = lOOflfb, 

^ X = 100(1 - gb/0B), 


the volume of water evaporated. {See Table 26, page 441.) Having two solu- 
tions of known degrees Brix, B and B\ to determine the degree Brix of a mix- 
ture composed of the volumes, V and V\ of these solutions having Q)ecific 
gravities of G and G\ Then, 


X «= degree Brix required 


VBG + V'B'G^ 
VG-{-V'G' ' 


In cases where there is no great divergence in the specific gravities the formula 
may be used for practical purposes as follows: 


VB.+ TW 
F + 7' ‘ 


Formula for the calculation of the water required, per cent by weight, to 
reduce a sugar solution of a given density to any required density. 


a: = per cent of water required; B = initial degree Brix; 6 « brix after 


dilution; 


B -6 
B 


B, and 


lOOB 
1 -E 


stitution for B becomes x = 100 


‘ X, the per cent required, which, by sub- 
(B-6) 


To determine the volume 7 of a sugar solution before concentration. 

6 = degree Brix, and a » the specific gravity of the solution before concen- 
tration; B = degree Brix, and S = specific gravity after concentration to a 
volume of 100. 

lOOBB 
a6 ' 


391. Commercial Sugar Formulse. — (A) This formula has a wide applica- 
tion in the sugar-house control and in the estimation of the capacities required 
in crystallizers, etc. It employs the polarization of the primary material and 
gives the yidd in terms of this material. 

Let a; » the percentage yield of commercial sugar of p polarization and S 
per cent dry matter; 
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100 =s the weight of the primary material (massecuite, molasses, etc.) 

of P polarization and B per cent dry matter (Brix); 

M Bs coefficient of purity of the residual molasses; 

then 


P — pa:/100 = the weight of sucrose in the molasses; 

B — iSx/lOO *= the weight of dry matter (Brix) in the molasses. 


Since the coefficient of purity of a sugar material is the percentage of sucrose 
in its dry matter we have 


M 


100 


P - pg/lOO ^ 
B - &/100" 


clearing of fractions, transposing and reducing, 

lOOP-Bilf 
® V-8M/l(Xl 

the yield of commercial sugar. If the product is refined sugar of 100*^ polariza- 
tion, as is customarily assumed in refinery work, the formula reduces to 


lOOP - BM 
100 -M ’ 


(B) This formula uses the purity instead of the polarization as above and 
is applicable in the calculation of the yield of sugar from massecuites, molasses, 
etc. It also gives percentages in terms of the primary material. 

Let X — the percentage of commercial sugar of C" purity coefficient and 
S per cent of dry matter; 

100 « the weight of primary material, C its coefficient of purity and B 
its degree Brix; 

M = the coefficient of purity of the residual molasses. 


Then BC/lOO 
Baj/lOO 

100 100 
B - Ba;/100 
BC C'Sx 
100 10,000 


weight of sucrose in the material; 
the weight of dry matter in the sugar; 
C'Sx 

10 000 * sucrose in the sugar; 

the wdght of solids in the molasses; 
the weight of sucrose in the molasses. 


As in the preceding sugar formula, an equation based upon the coefficient 
of purity of the residual molasses is formed: 


M 


100 


C'8x \ 

10 , 000 / ■ \ 100 /’ 
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clearing of fractioiiB, fxansgposng and reducing, we have 


X 




(B) 


(C) This formula has the same applications as the precedii^. It is derived 
the same way, but is based upon, moisture-free materials: 

Let X = the percentage yield of anhydrous sugar in terms of the dry matter 
(Brix) in the primary material, and let the other letters have 
the same meaning as in the previous formula (B). 

Then 100 — a: = the dry matter (Brix) of the residual molasses; 


C — M 

C'x 4“ M(100 — rc) = lOOC, whence x = 100 rr the percentage of anhy-^ 

C — iw 

drous sugar in terms of the dry matter in the primary material. This formula 
is used for calculating available sugar in stock in process in raw sugar work. 
(JSee page 374.) When the product has a polarization of 100 (sucrose) the 

formula then becomes x = 100 ^ which is the formula used in refiner- 

100 - M 

ies to calculate the yidd of refined sugar from the purity of a masseeuite and its 
resulting sirup (molasses). 


^ The prerious formula (A) will be seen to be identical with the one above except 
that the first employs the polarization and the Brix, and the second the purity and 
Brix, of the primary material and of the commercial sugar. The polarization — 
Brix — piuity relationship 


gives 


loop 

B 

P 


C and 


lOOp 

S 


c' 


— and p 
100 . 


100 * 


Substituting these values in the formula 


we have 


loop - BM 
p - 5Af/l00’ 


X s= 


lOOBC 

IQQ 

100 " 


-BJtf 

SM ^ 
' 100 


Clearing of fractions, we have 


X 


100 


iC -M) 
(ff-M) 



which is the second formula (B). 
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(jD) Another widely used available sugar formula deals with purities only 
and gives the yield of sucrose in terms of the sucrose present in the primary 
material. 

Let X « the yield of sucrose present in the commercial product, per cent 
of the anhydrous sucrose (C) present in the original material 
and let all other letters have the same significance as before. 


It is evident that this resolves itself into the previous formula multiplied 
by the sucrose per cent dry matter the purity) of the sugar (C') divided 
by the sucrose per cent dry matter (purity) of the primary material (C) or 


X 


100 


C'jC - M ) , 
C(C' - MY 


When O' becomes 100 (i.e., the product is sucrose) the formula then is 


X 


100(0 - M) 
0(100 - Jkf) 


X 100. 


This formula is sometimes called the “ drop in purities formula. 

The above formulae may be applied in the calculation of the yield of sugar 
from the cane or juice. In fact it has been shown on page 360 that the last 
formula ^ven corresponds to the theoretical retention figure of the Winter- 
Carp-Geerligs formula [100(1.6 — 40/0] if the purity 28.57 is substituted for 
M. The available sugar ” formulae are more widely used for such estimates. 
These formulae find their chief uses in calculating the yield of sugar in process 
in massecuites, etc. 

392. Crystallizer Capadty. — ^The commercial sugar formulae may be used 
in estimating the capacity required in certain machinery, notably pans, crys- 
tallizers and molasses-tanks, using true solids and sucrose in accurate work. 

Let it be required to estimate the quantity of crystallizer massecuite of 94°. 
Bris and 60° purity that would be produced from clarified juice of 20° Brix, 
18 per cent sucrose and 90° purity, the sugar that has been extracted having 
an analysis of 96° polarization and 99 per cent dry matter: Using formula 
(A), 391, we have 

(100 X 18) - (20 X 60) 

96 - (99 X 60/100) 

sugar per cent of the weight of the juice. Let the juice be 80 per cent of the 
wei^t of the cane, then 16.39 X .80 = 13.11 sugar per cent cane. The sugar 
contained 99 per cent dry matter, therefore 13.11 X .99 = 12.98 per cent dry 
sugar. 'Die juice contains 20 X .80 = 16 per cent dry matter (Brix solids) 

* This fonmila was developed by Noel Deerr who used the letters s, y, and m, 

fiHr the symbols, giving x = lOO ^ and it is frequently known as the 8 J.m. . 

j(s — m) 

fonmila of Deerr. (“Cane Sugar/' Manchester, 1911, p. 509.) 
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on cane and 16 — 12.98 » 3.02, the percent^e of dry matter on cane going 
into the crystallizer massecuite; 3.02 -s- .94 = 3.21, the massecuite per cent 
cane. Massecuite of 94® Brix weighs 94.4 pounds per cubic foot, therefore 3.21 
-j- 94.4 — 0.034 cubic feet massecuite i>er 100 pounds cane, or 0.68 cubic foot 
per ton of cane. Massecuite swells considerably, owing to the crystallization 
of its sugar and the decomposition of certain salts page 101) and it may also 
be diluted from time to time {see page 98). An increase of volume of 25 per 
cent is safe allowance for alteration, or 0.68 + 25 per cent »= 0.85 cubic feet. 
Further, the massecuite should remain in the crystallizer about four days, the 
time depending upon the size and type of the crystallizer, so we then have 
0.85 X 4 = 3.4 cubic feet per ton of cane daily milling capacity. If the miUmg 
capacity is 1850 tons of cane the crystallizer capacity should be 3.4 X 1850 = 
6290 cubic feet. The dze of the crystallizers will depend upon the size of the 
vacuum-pans and under the usual conditions with pans of 12 feet in diameter 
striking 1000 cubic feet, would be approsdmately 1000 + 25 per cent = 1250 
cubic feet; 6290 1250 = 5+, the required number of crystallizers to 

actually hold the massecuite. Allowance must also be made for one empty 
crystallizer to receive massecuite and one to be discharging to the centrifugals, 
or in all 7 crystallizers of about 1250 cubic feet gross capacity each. 

This estimate is based upon juice of exceptionally Mgh purity. In actual 
practice the estimates should be upon the juice of the lowest purity that is 
liable to prevail over an extended period at any time of the manufacturing 
season. The lower the initial purity, the larger will be the qxiantity of crys- 
tallizer massecuite. In actual estimates the true solids and purity should be 
used to avoid errors. 

393. Mixed Massecidtes. Proportion of Molasses and Sirup. — ^These 
massecuites should be boiled to a definite purity, depending upon that derired 
in the molasses to be obtained from them. This formula assumes that the 
densities of sirup and molasses are the same. This is sufficiently accurate for 
practical purposes: 

— total weight of massecuite in the strike; 

= purity of the sirup; 

= purity of the molasses to be boiled-in; 

= purity of the required massecuite; 

= percentage by weight of the strike to be formed of molasses; 
= percentage by weight of the strike to be derived from sirup, 

100(P - M) 

X — r . 

P-p 

This formula may be applied with less accuracy when P is the purity of a 
footing or nucleus upon which a strike is to be completed with molasses. 

{B) This calculation may be made with greater facility by CJobenze's * 
method for mixtures, illustrated in the diagram and example. Fig. 132. Let 

^ A. Cobenze, Compendium der prakt. Photografic, 9th ed., p. 379; Van Nos- 
trand’s Chemical Annual, 1913, p. 563. 


(A) Let 100 
P 

V 

M 

X 

100 -a; 


then 



386 


SUGAE-HOTJSE CALCULATIONS 


85 be the coefficient of purity of a sirup and 55 that of a molasses and let it be 
required to make a massecuite of these having a purity of 65. Arrange the 
numbers as in the diagram. Subtract the purity number 
for the massecuite from that of the sirup and the number 
for the molasses from that of the massecuite and arrange 
the remainders as shown in the diagram; the remainder, 
10, is then umber of parts of sirup required and 20 that 
of the molasses. If the percentage of each constituent is 
required, divide the number of parts of each by the total 
number of parts, and multiply by 100. As in the previous 
method, using purities only in calculating the mixture, it 
must be assumed that the densities of the solutions are the 
same. 

may be used for aU mixtures and facilitates the solution of 
many otherwise complicated problems. If any three numbers used in the dia- 
gram are given the other two are readily ascertained. 

394. Calculation of Added Water in Double Filter-pressing of Scumr; 
(Cachaza). — ^This is a problem in dilution and may readily be solved by the 
formula in 390 for dilution in terms of the normal juice. Let B of the formula 
represent the solids in the first press-cake, b, the solids in the reduced cake, and 
X, the percentage of added wato, then x = 100(J? — 6)/b. 

The following example will illustrate the calculation: 

A press-cake contamed 35.06 per cent dry matter and after reduction with 
water to a cream this contained 14.24 per cent dry matter: 

a: * 100(B - h)/h = 100(35.06 - 14.24)/14.24 = 146.2 per cent. 

395. Volume of Juice at a Given Temperature to Weight at Standard 
Temperature (17i® C. or 20® C .) — A sugar solution does not expand on heating 
at the same rate as water (see Gerlach’s table, page 439). The expansion also 
varies with the sugar content of the solution. For the usual purposes the table 
of Gerlaeh may be used, but the following method gives practically the same 
results and is more convenient. Note the temperature of measurement; if 
the standard temperature is 17i® C. reduce the degree Brix of the juice to that 
at the temiperature of measurement by means of Gerlach’s table of corrections, 
page 458. Apply the specific gravity number corresponding to this reduced 
Brix to the wd^t of the cubic foot or gallon of water at the temperature of 
measurement. 

Example: Required the weight of a cubic foot of juice of 16° Brix at 17.5°/ 


17*6° C. measured at 28° C. 

D^ree Brix of the juice at 17.5° C 15.0° 

Hydrometer correction (page 458) for 15° Brix at 28° C. .7 

Degree Brix and correeiponding specific gravity at 28° 0. 

(Sp. Gr. * 1.06831) 14.3° 


Beferdi^ to the table on page 428, a cubic foot of wato measured at 28° C. 
wei^ 62.1289 pounds, therefore 62.1289 X 1.05831 ?= 65.75 pounds, the 


85 10 

^20 

Fio. 132. Co- 
benze's Diagram 
for Calculating 
Mixtures. 


This method 
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weight of jhiice required. Similarly, to correct to 20° C. the tables on p. 469 
may be used. The error of this simple method is well within the limits of 
accuracy of tank measurements. It is preferable that all measurements be 
made at, as nearly as is practicable, the temperature of graduation of the 
hydrometers, thus keeping all errors at a minimum. 

396. Calculations Based upon the Relation between the Ash and Sucrose, 
etc. — These methods are used in ascertaining whether sugar or other matters 
are destroyed or decomposed and removed in a boiling process, for example. 
The mineral constituents of the materials are assumed to remain unchanged 
during the process, therefore a comparison of the saline coefficients (362) 
should show whether sucrose has been destroyed, and similarly whether other 
constituents have been decomposed. A method of this class must be used with 
great caution, since very slight inaccuracy of analysis or loss of mineral matter 
may lead to an erroneous conclusion. The true or Clerget number should be 
used in sucrose comparisons. 

Example (aU sucrose numbers are by the Clerget method): A clarified 
juice containing 15 per cent sucrose, 0.3 per cent ash and 50 saline coefficient 
was evaporated to sirup containing 50.7 per cent sucrose, 1.02 per cent ash and 
a saline coefficient of 49.71. The reduction of the saline coefficient by 50 — 
49.71 = 0.29, indicates decomposition of sucrose. This loss in percentage 
terms of the sucrose in the juice is calculated by finding what per cent 0.29, 
the decrease in the saline coefficient, is of the original coefficient 50, in this 
case 0.58. 

This method has long been used in beet- and cane-sugar manufacture in 
estimating losses, but its application is somewhat limited by the fact of the 
deposition of a part of the ash constituents on the evaporating surface and in 
storage tanks. C. H. A. Zimmermann ® proposes to utilize only the soluble 
sulphates of the sulphated ash in this method, since the salts from which they 
are formed persist through the manufacture. The material is ashed as usual 
with the addition of sulphuric acid. The ash is transferred to an ashless filter 
or an alundum filtering-crucible and the soluble matter is removed by washing 
with hot water. The residue is dried and weighed. The difference between 
the original weight of ash and this residue is the weight of the soluble sul- 
phates. The calculations are made as before. 

^ Int. Sugar J., 16 (1014), 338, also this work, Sec. 386. 
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PtERCHASE OP CANE ON A BASIS OP ITS ANALYSIS 

397. General Considerations.— ‘Cane in Cuba is usually sold to the fac- 
tories at a “ flat ’’ price, its quality, as regards sucrose content and the 
purity of the juice, is not considered. A system of purchase on test would 
undoubtedly increase the profits of both the manufacturer and the grower. 
The grower would be forced to take better care of his fields and deliver the 
cane as soon as possible after cutting. Prompt delivery of the cane would result 
in increased delivery weight and sugar production with a decrease in costs to 
the manufacturer. 

The problem of devising a system of purchase that will be not only equi- 
table, but that may be operated without exciting the distrust of the farmer is 
not a simple one. 

Sales are sometimes based upon the degree Brix of the juice, without regard 
to dther the sucrose content or the coeflicient of purity. This method forces 
the factory to pay a very conservative price for the cane, to offset the low 
purity of the juice in the early part of the season. This method has probably 
been used on account of the fairly good idea of density (Baum4) held by cane 
farmers in general. 

The real difficulty in devismg a system of purchase lies in the sampling 
of the cane itself. Small samples from a cart or car are usually of very little 
value in indicating the analysis of the cane and especially so when the juice 
for testing is expressed by a laboratory mill. The only method of sampling 
that has ^ven practical results is that of the juice drawn from the factory mills 
and representing the entire load of cane. This method is included in the daily 
routine of many factories in comparing canes from the various fields and railway 
switches. 

Given a representative sample of the juice from a particular lot of cane, the 
next step is the estimation of its sugar value to the manufacturer. This might 
be based upon the sucrose content of the cane, but the difficulty of determining 
this number is an objection. The method selected must be better than a rough 
approximation in order to protect the manufacturer and be fair to the farmer. 
Obviously, to be equitable, the method must be based upon a consideration of 
the available sugar, and in figuring this number, the coefficient of purity of 
the juice and the efficiency of the factory must enter. The method described 
in the foltowing paragraph, though apparently complicated, is in fact quite 
simple. 

396. Available Sugar as a Basis of Cane Pordiase.— A special chemist 
and assistants are required for these tets. 

388 
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deduction Factors , — ^The chemist should first determine two reduction 
factors, in cooperation vTith the chemist of the factory, as follows: (1) Factor 
for reducing the degree Brix of the juice from the crusher to that of the mixed 
normal juice of aU the mills. (2) Factor similar to the preceding for reducing 
the per cent sucrose of the crusher-juice to that of the normal juice. The fihst 
factor has long been used and is regularly determined at intervals by the fac- 
tory chemist (341). To determine these factors, operate the milling plant 
for a short period without saturation-water; sample and separately analyze 
the juice from the crusher and the mixed juice from the entire plant. Calcu- 
late the ratio or factors, (1) Brix of the normal mixed juice -s- Brix of the 
crusher-juice and (2), Sucrose per cent in normal juice sucrose per cent 
crusher-juice. 

Sampling , — ^The number of the cart or car of cane is noted and the chemist 
is given a ticket bearing this number and is advised to prepare for sampling. 
If cart cane is to be sampled, it is advisable to group a number of loads xmder 
one test. The chemist notes the position of the cane on the conductor or ele- 
vator, using markers if need be, and after the cane reaches the crusher he 
allows a definite interval for the expressed juice to wash the rolls and then 
preferably samples continuously and automatically or at brief intervals during 
the passage of the cane. The sample is sent to the laboratory with the ticket 
corresponding to it. Sample follows sample in this way. 

Analysis . — On receipt of the samples by the laboratory, the samples and 
tickets are arranged in regular order. A numbered cylinder is filled to over- 
fiowdng with the strained juice and the remainder of the sample is held in 
reserve pending the completion of the test. The cylinders should be arranged 
in convenient groups, of ten, for example, and after the latest to arrive has 
been standing ten minutes the hydrometers are inserted. After a further 
interval of five minutes the degree Brix and temperatures are to be noted. The 
observed Brix, temperature and corrected Brix should be entered on a dupli- 
cate of the load ticket. These operations should be conducted very system- 
atically, allowing a definite period for each. 

The sucrose test should be made by Homers dry lead method, page 314. 
The laboratory equipment should include a considerable number of 200 cc. 
(approximate) cylinders like C of Fig. 75. Each of these should have a mark 
etched on it to indicate approximately the 100 ec. point. A spoon having a 
conical bowl should be provided for measuring the dry lead. It should hold 
about 1 gram of lead, struck ” measurement. 

Arrange a group of these cylinders, corresponding to those used for the 
density determination, and fill each to the mark with juice. Add a measure 
of lead to the juice, cover the cylinder with the palm of the hand and mix its 
contents by vigorous shaking. Filter, polarize and calculate the sucrose by 
Schmitz’s table, page 481. Enter this test on the ticket. 

AvailaMe Sugar , — Multiply the degree Brix by the corresponding reduction 
factor and the per cent sucrose by its factor. This gives the d^ee Brix and 
the per cent sucrose in terms of the normal juice. Calculate the coefficient of 
purity. The available sugar is now calculated by the method ^ven on page 
360, and this in turn to a basis of the factory by applying the efficiency and 
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normal juice ex±raction-numbers. The following example indicates the steps 
in the calculation: 

Example: 


Factor for reducing the degree Brix 0 . 978 

Factor for reducing the per cent sucrose 0 . 965 

Degree Brix of the crusher-juice 18.0 

Per cent sucrose in crusher-j uice 15.7 

Assumed mill extraction, normal juice 78.0 

Average efficiency number of the factory 98.0 

Degree Brix of calculated normal juice. . = 18.0 X 0.978 — 17.60 
Per cent sucrose calculated normal juice. = 15.7 X 0.965 = 15.15 
Coefficient of purity calculated normal 

juice =15.15-4-0. 1760 = 86.08 

Sucrose extracted by the mills in normal 
juice = 15.15 X 0.78 = 11.82% cane 


Referring to the second section of the table on page 488 we find 97.43, the 
yield number of 96° sugar corresponding to 86.1 purity. This number multi- 
plied into the sucrose extracted gives the yield of sugar per cent cane on a basis 
of 100 factory efficiency, 11.82 X 97.43 = 11.52. Since the factory efficiency 
ntimber is 98 we must reduce the yield figure accordingly: 11.52 X 0.98 = 
11.29, the percentage yield of 96° sugar that may be expected from the cane. 

The reliability of this method may be judged from the actual sugar-house 
results given on page 361. 

This- method enables the manufacturer to arrange a scale of prices based 
upon the actual yield of sugar that the cane may be expected to give in his 
factory. 



CHAPTER XXXVII 


ANALYSIS OP LIMESTONE, LIME, STJLPHDR AND SIJLPHOROUS 

ACID 

Analysis of Limestone 

399. Preparation of the Sample.~Fragments should be chipped from a 
large number of pieces of the stone and reduced to a uniform size, then mixed 
and sub-sampled by quartering. The small sample should be reduced to a 
very fine powder in an iron mortar or on a grinding-plate. Particles of metallic 
iron, from the mortar or plate, should be removed by stirring the powder with 
a magnet. Sift the powder through an 80-mesh sieve, and mix it thoroughly 
by sifting or otherwise. 

400. Determination of Moisture.— Dry 2 grams of the powdered stone to 
constant weight in a tared flat dish or a watch-glass. The oven should 1)6 
heated to 110® C. The loss of weight divided by 2 and multiplied by 100 is 
the percentage of moisture. 

401. Determination of Sand, Clay, and Organic Matter. — ^Treat 1 gram of 
the powdered limestone in a beaker, with a few cubic centimeters of hydro- 
chloric acid, being cautious, in adding the acid, to prevent the projection of 
particles of the material from the glass. Cover the beaker with a watch-glass 
and heat the liquid a few minutes. Collect the residue on a tared quantitative 
filter, wash it thoroughly with hot water, and reserve the filtrate (A) for 
further treatment. Dry the filter and residue to constant weight at 110® C. 
The weight of the residue multiplied by 100 is the percentage of sand, clay, and 
organic matter. Place the filter and residue in a tared platinum crucible and 
incinerate. The weight of this residue (A) multipled by 100 is the percentage 
of sand and clay, {.e., silica and combined silica and alumina. The difference 
between this percentage and that obtained before incineration is the percentage 
of organic matter. 

402. Determination of Soluble Silica.— Evaporate the filtrate (A) from 
the preceding determination to strict dryness, on the water-bath, using a 
platinum or porcelam dish. Moisten the residue with hydrochloric acid and 
again evaporate to dryness. It is advisable to continue the heat for an hour 
or longer after apparent dryness, to insure the insolubility of the silica. Treat 
the reridue with dilute hydrochloric add; collect the insoluble portion on a 
small quantitative filter and wash it thorou^y with hot water until free of 
chlorides. Reserve the filtrate (£) for further use. Partially dry the filter 
and contents, then insert them in a tared platinum crucible, and char the paper 
by the application of a very gentle heat. If charred too rapidly, there may be 
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difficulty in subsequently burning off the carbon. Increase the heat until 
the filter is completely incmefated, and then raise it to bright redness. Cool 
the crucible and contents in a desiccator and weigh. The weight of the ash 
of good quantitative filters, or of the so-called '' ashless filters,” is so small that 
it need not be taken into account. 

The weight of the residue, multiplied by 100, is the percentage of silica, 
Si 02 , in the soluble silicates of the stone. 

403. Letermination of Total Silica. — ^Mix the residue A (401), in the 
platinum crucible with four or five times its weight of ^ mixed carbonates of 
sodium and potassium and fuse at a red heat. Continue the heat about thirty 
minutes after the contents of the crucible are in a quiet state of fusion. 

Remove the bulk of the mass from the crucible, while still warm, with a 
platinum wire, to facilitate the subsequent solution. Place the crucible and 
the material removed from it in a beaker and treat with dilute hydrochloric 
add, being careful to avoid loss by the projection of the liquid from the glass. 
Use heat, if required. Wash and remove the crucible. Filter the solution 
and evaporate it to strict dryness, as described for soluble silica in the preceding 
paragraph. Treat the residue with dilute hydrochloric acid as before, wash it 
on a filter and reserve the filtrate (C). Incinerate the filter and heat the resi- 
due to bright redness, weigh, and calculate the percentage of silica as described 
iq the preceding paragraph. Subtract the percentage of soluble from that of 
the total lalica, to obtain the percentage of silica present in insoluble silicates. 

404. Determination of Iron and Alumina. — Combine filtrates A, B, and C 
from the preceding operations and concentrate them to a convenient volume. 
Add a slight excess of pure ammonia to the solution while it is still hot, boil 
it until only a slight odor of ammonia can be detected, collect the precipitate 
on a small filter, filtering rapidly while the solution is hot. If there is con- 
fflderable iron and alumina present, it is advisable to dissolve the precipitate 
with dilute hydrochloric acid and reprecipitate it with ammonia as directed 
above, uniting the filtrates (D). Partly dry both filters, and incinerate as 
advised for silica. 

The residue consists of the mixed oxides of iron and alumina (FesOs, 
A1 2 O 8 ) . Multiply the weight of the residue by 100 to obtain the percentage. 

It is not usually necessary to determine the iron and alumina separately. 
If required, however, proceed as follows: Treat 1 gram of the powdered lime- 
stone with concentrated hydrochloric acid, most conveniently in a platinum 
didx. Evaporate to strict dryness, moisten with hydrochloric acid, and again 
dry on the water-bath, as described for the silica determination. Treat the 
residue with dilute hydrochloric acid, with heat, and filter; wash the filter 
with hot water and treat the filtrate with ammonia, as described above, to 
piiecipstate the iron and alumina. Wash the precipitate into a small dish, 
dissolve it in sulphuric acid, and evaporate the solution nearly to dryness. 
Wash the residue into an Erlenmeyer flask, being cautious in the use of the 
water. 

* Use strictly chemically pure, dry carbonates of sodium and potassium, mixed in 
w fe cclar proportions and findy powdered. The proportions are 106 parts sodium 
wbonate to 138 parts potassium carbonate. 
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The iron is now most conveniently determined by titration with a standard- 
ized solution of potassium permanganate. 

Add a small quantity of pure zinc-dust to the solution in the fiask, to reduce 
the iron from the ferric to the ferrous state, and titrate with the decinormal 
permanganate solution. This solution is added until a faint permanent pink 
color is produced. Multiply the burette reading by .008 to ascertain the 
weight of ferric oxide in 1 gram of the stone, and this weight by 100 to obtain 
the percentage of ferric oxide (FeaOs); subtract this per cent from the com- 
bined percentages of iron and alumina, to obtain the percentage of alumina. 

406. Determination of Calcium. — ^To the filtrate from the iron and alumina 
determination (D), corresponding to 1 gram of the stone, add sufficient hydro- 
chloric acid to render it ^ghtly acid. Concentrate this solution to about 260 
ml., neutralize it with ammonia, heat to boiling, and add an excess of boiling- 
hot ammonium oxalate solution. Digest on the water bath for about one hour 
(or set aside for twelve hours) until the precipitate has completely settled 
out leaving a dear supernatant liquid. Decant through a filter paper, washing 
the precipitate two or three times by decantation with hot water containing 
a little ammonium oxalate and hydroxide. Then collect the precipitate of 
calcium oxalate on a quantitative ffiter, wash with cold water (filtrate JS?), dry 
and incinerate the filter in a tared platinum crucible, then ignite the residue 
strongly. The residue consists of almost pure calcium* oxide (GaO), and may 
be weighed as such. 

If the limestone contains a considerable amount of magnesium the pre- 
cipitate should be redissolved on the filter by warm dilute hydrochloric acid 
and the calcium reprecipitated by neutralization with ammonia and the addi- 
tion of 1 or 2 cc. of ammonium oxalate solution. Filter, wash with cold water 
(add filtrate and washings to E) dry and incinerate the filter as before and 
ignite the residue strongly. The weight of CaO multiplied by 100 gives the 
per cent of calcium oxide in the stone. This value multiplied by 1.7847 gives 
the per cent of calcium carbonate. 

The ignited calcium oxide in this determination combines with water and 
carbon dioxide very readily, hence cooling and weighing should be done as 
rapidly as possible. 

406. Determination of Magnesium. — ^To the filtrate Ej from the calcium 
determination, after concentration to approximately 100 ml., add a slight 
excess of ammonium hydroxide, chill the solution, then add sodium phosphate 
solution in excess, drop by drop, with vigorous stirring. After fifteen minutes 
add a decided excess of ammonia. Set aside during several hours, preferably 
overnight, to insure a complete precipitation. Collect the precipitate in a 
Gooch crucible, wash it with dilute ammonium hydroxide, containing 1 part 
NH4OH of 0.96 specific gravity, to 3 parts water. The washing should be 
continued until free from chlorides. The precipitate is ammonium-magnesium 
phosphate; dry it, first at a gentle heat, then increase the temperature to expel 
the ammonia, and finally ignite it a few minutes in the flame of a blast-lamp 
to convert the residue into magnesium pyrophosphate. Cool the residue in a 
desdccator and weigh it. The weight of the magnesium pyrophosphate 
(Mg2P207) multiplied by .36208 gives the corresponding weight of magnesium 
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oxide. The mafgnedum is present in limestone as carbonate. Multiply the 
weight of the pyrophosphate by .7573 and the product by 100 to ascertain tho 
percentage ci magnesium carbonate in the stone. 

407. Betennination of Carbonic Acid. — It is not usually necessary to deter- 
mine the carbonic acid, as it may be calculated from the quantity required to 
combine with the lime and magnesia, except when sulphates are present. 

The gravimetric determination is made with one of the various forms of 
alkalimeters. Knorr^s apparatus, Fig. 133, is one of the best of these. The 
method of uang this apparatus is as follows: A weighed quantity, 6 grams or 
more, of the finely powdered limestone, is introduced into the flask A with 50 
ml. or more of distilled water. The tube G is connected with a filter-pump to 
draw a current of air through the apparatus during the entire process. The 

bulb B contains the acid for de- 
composing the stone, preferably 
concentrated hydrochloric. The 
guard-tube C is filled with frag- 
ments of caustic soda, potash, 
or with soda-lime, to prevent the 
entrance of carbonic acid with 
the air. Open the stop-cock on 
the bulb-tube B and admit the 
acid dowly; the liberated gas 
passes through the condenser B, 
where most of the moisture is 
condensed, thence through the 
bulbs B, containing concentrated 
sulphuric acid, which removes 
every trace of water; the dry gas 
bubbles through the tared bulbs 
Fig. 133.— Enorr’s COs Train. containing a caustic potash 

solution of 1.27 specific gravity, 
which absorbs the carbonic acid, and the residual air, containing water from 
the potash solution, passes on through the guard-tube F, which absorbs the 
moisture, and escapes through G and the filter-pump. The gas should flow 
at Ihe rate of 4 to 5 bubbles per second. When the bulb B is empty, heat the 
contents of the flask carefully, finally boiling the liquid slowly, to expel the 
carbonic acid. Air should be passed through the apparatus for a few 
minutes after boiling, to insure the removal of all the carbonic acid. 
Caps should be placed over the inlet and outlet tubes of F while making 
the weighings, to prevent the absorption of carbonic acid or moistture. When 
^le operation is completed, place the bulbs and guard-tubes F in the balance- 
case, and after a few minutes weigh them. The increase in weight divided 
by the woght of material used ancj the quotient multiplied by 100 is the per- 
centage of caiboxue acid. 

A< similar apparatus may be fitted up, an ordinary flask, with cork 
ceKmeetions and an empty U tube, as recommended by Gladding, instead of 
Asireofidenser B. 
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In the determination of carbonic acid Tpith Schroetter's or similar appa- 
ratus, proceed as follows: The description refers to Fig. 134. Fill the tube on 
the left, to above the upper bulb, with concentrated sulphuric acid, and that 
on the right with dilute hydrochloric add. Weigh the flask and contents, 
then introduce approximately 1.5 to 2 grams of the powdered limestone, by 
the opening at the left, and weigh again. Lift the stopper on the hydrochloric- 
acid tube, and open the stop-cock and admit a little add. In the decomposi- 
tion of the stone, the carbonic add is set free and bubbles through the sul- 
phuric acid, which retains any watery vapor that would otherwise pass off 
with the gas. Repeat this operation from time to time until no more carbonic 
acid is disengaged. Heat gently to expel* the carbonic acid from the solution, 
cool, and weigh. After cooling and wiping the apparatus, it 
should be placed inside the balance-case a few minutes before 
weighing. The loss in weight is that of the carbonic acid set 
free. Divide this weight by that of the limestone used and 
multiply the quotient by 100 to obtain the percentage of 
carbonic add. 

The carbonic acid in the limestone used in sugar manu- 
facture is almost entirely combined with calcium; a small 
portion is sometimes in combination with magnesium. Occa- 
sionally the stone contains a vein of dolomite, a carbonate 
of calcium and magnesium. 

In the absence of gypsum, calcimn sulphate, if dther the 
percentages of baldum or magnesium and carbonic add are 
given, the percentages of the two carbonates may be calcu- 
lated: The percentage of calcium oxide (CaO) X 1.7847 « percentage of 
calcium carbonate (CaCOs); the percentage of carbonic acid in the mag- 
nesium carbonate (MgCOs) multiplied by 1.9164 «the percentage of mag- 
nesium carbonate. 

Example . — ^A sample of limestone contains 54.8 per cent calcium oxide and 
43.4 per cent carbonic acid; required, the percentages of caldum and mag- 
nesium carbonates. 



Fra. 134. 
Sdbroetter’s 
Aikalimeter. 


Calculation 

54.8 X 1.7875 =» 97.96, per cent calcium carbonate 
97.96 — 54.8 « 43.16, carbonic add in the calcium carbonate 

43.4 — 43.16 = 0.24, carbonic add in the magnesium carbonate 

0.24 X 1.916 = 0.46, the per cent magnesium carbonate. 

Many sugar-house chemists calculate the carbonates in this way, in order 
to economize time. In many cases this method will supply all the information 
necessary relative to the purity of the stone, but it is not usually advisable to 
depend entirely upon it. A serious objecti5n to this process is the fact that 
there may be slight errors in the determinations of the calcium and carbonic 
acid which would lead to false deductions. It is advisable, as a rule, to deter- 
mine both the bases and the adds. 
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408. Determinalion of SulpBate. — ^The limestone may contain small 

qxuLntities of calcium sulphate. Digest 5 grams or more of the powdered 
limestone with hydrochloric add, using heat. Dilute the solution, filter it, 
and wash the residue thoroughly with hot water. Concentrate the filtrate, 
in a bealsier, to a volume of about 60 ml., heat it to boiling and add a solution 
of barium chloride, a few drops at a time, maintaining the boiliug temperature. 
Remove the beater from the lamp, after each addition of the chloride, to per- 
mit the barium sulphate to settle, and test the supernatant liquid for sulphate. 
Continue the boiling of the solution and the additions of the reagent so long as 
a predpitate forms; set aside overnight. Collect the precipitated barium 
sulphate in a taxed Gooch crucible, wash it with hot water, heat it to redness, 
cool and weigh it. The weight of barium aplphate X .343 -s- weight of lime- 
stone used X 100 = percentage of sulphuric anhydride (SO3) ; the wdght of 
barium sulphate X .5832 •«- weight of limestone used X 100 « percentage of 
caldum sulphate. • ^ ^ 

409. Notes on the Analysis of Limestone. — ^It may be necessary in some of 
the determinations to use a larger portion of the stone than 1 gram. If so, 
it is convenient to use a multiple of 1 gram, dissolve it and dilute the solution 
to a definite volume, 6 grams, to 500 ml. for example, and use measured 
portions of this solution for the determinations. 

A Gooch crucible will usually be found much more convenient for the fil- 
trations and ignitions than filter-paper and an ordinary crudble. Alundum 
may be substituted for the filter or Gooch, except in determining total silica. 

In these methods of analysis, only those determinations are given which 
are necessary in judging a limestone for sugar-house purposes. 

Sundstrom^ has suggested a method for the rapid analysis of a limestone, 
an abstract of which follows: 

(а) Weigh two portions of 1 gram each of the finely powdered sample, 
transfer them to small dishes and add about 100 ml. of distilled water to each. 
To one portion add 25 ml. of normal hydrochloric acid (444), cover the dish 
with a watch-glass until all action ceases; heat the solution to boiling, cool 
and titrate it with normal sodium hydrate (448), using methyl orange as an 
indicator. The number of milliliters of normal hydrochloric acid —the number 
of milliliters of normal soda solution = milliliters of normal hydrochloric acid 
required to react with the carbonates of lime and magnesia. 

(б) To the second portion of 1 gram, cautiously add 5 milliliters of con- 
centrated hydrochloric acid, keeping the dish covered to avoid loss. After 
all effervescence ceases, evaporate the material to complete dryness over a low 
flame. When dry, cool, take up with a little hot water and a few drops of 
hydrochloric acid; heat to boiling, filter through an ashless filter, washing all 
insoluWie portions into the filter, and wash free of all traces of chlorides with 
bolting water. 

(e) Dry the filter and contents; ignite in a taxed platinum crucible to 
bs 3 ^t redness, cool under a desiccidor and weigh for silica (SiOs). 

(d) Neutxaliae the filtrate and washings from (b) with ammonium hydrate 
in slight excess; heat to boiling, collect the precipitate and wash free of 

* Journal of the Society of Chemical Industry, 16, 520. 
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chlorides. Dry and ignite the filter and contents; cool and weigh for oxides of 
iron and aluminum (FeaOs and AI2O3). 

(s) Heat the filtrate and washings from (d) to boiling, add a concentrated 
solution of ammonium oxalate, also heated to boiling. Allow the mixture to 
stand until clear, which, if the analysis has been rightly conducted, requires 
two or three minutes; decant the clear solution into a filter, dissolve the pre- 
cipitate in hydrochloric acid and reprecipitate with ammonium hydroxide. 
Allow to settle and decant as before, and then wash the whole precipitate into 
the filter and wash with hot water until free of chlorides and oxalates. Dry 
the filter and contents, ignite in a platinum crucible, at first cautiously, then 
over a blast-lamp, until the residue is converted into calcium oxide (CaO); 
cool under a desiccator, weigh an^ calculate the weight to terms of calcium 
carbonate (CaCOs) as in the previous methods. .Titrate the residue with 
normal hydrochloric acid as a cheek. 

Divide the percentage of galeium carbonate by 5 ( = milliliters of normal 
hydrochloric acid required for calcium carbonate), subtract the quotient from 
the number of milliliters of normal hydrochloric acid required for (a), and mul- 
tiply the remainder by 4.2 to obtain the percentage of MgCOs- 

Sundstrom states that this method is very rapid and sufficiently accurate 
for technical purposes. 


Analysis of Limb 

410. Determination of the Calcium Oxide in Lime. — ^Add sufficient water 
(30 ml. ca.) to 10 grams of lime, in a mortar, to form a thick milk. Add an 
excess of pure sucrose in the form of a solution of 35-40® Brix and mix it inti- 
mately with the lime, which forms a soluble saccharate. Transfer the solution 
and residue to a 100-cc. fiask, using a sugar solution of the above composition to 
wash the last portions from the mortar and to complete the volume to 100 ml.; 
mix and filter. Titrate 10 ml. of the filtrate with a normal splution of hydro- 
chloric acid (444), using phenolphthalein or lacmoid as an indicator. The 
burette reading X .028 = the weight of calcimn oxide (CaO) in 1 gram of the 
lime, and X 100 = percentage of calcium oxide. 

411. Determination of the Proportion of TJnbumed and Slaked Lime. — 
Slake 1 gram of lime with water, add an excess of normal sulphuric acid (446) 
and heat to expel carbonic acid if present; add a few drops of methyl orange 
solution or other suitable indicator, and ascertain the excess of sulphuric acid 
used, by titration with normal sodium hydrate (448) . Calculation: (milliliters 
of normal sulphuric acid ~ milliliters of normal soda solution) X .028 = the 
total weight of calcium, as calcium oxide, in 1 gram of the lime, and X 100 = 
the percentage of total calcium as calcium oxide. This number — percentage 
of calcium oxide =» percentage of xmbumed and slaked lime as calcium oxide. 

412. Determination of Caldum Odde, etc. Degener-Lunge Method. — 
Both the above determinations may be made with one titration using phen- 
acetoline as suggested by Degener and applied by Lunge. 

Slake a weighed portion of the lime with water, add a few drops of phen- 
acetoline solution and titrate with normal hydrochloric acid. Add the acid 
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until the yellow color changes to a red, and read the burette. This reading mul- 
tiplied by .028 gives the weight of calcium oxide. Continue the addition of 
the acid; the solution remains of a red color until all the calcium is saturated, 
then changes to a golden yellow. It is advisable to make this titration a few 
times for practice with material of known composition. The burette reading 
multiplied by .028 gives the total weight of calcium as calcium oxide. The 
unbumed and slaked limes are determined by difference. 

418, Coniplete Analysis.— The methods described for limestones may be 
applied for a further analysis of the lime if required. 

Analysis or Stjlphto and Sulphurous Acid 

414. Estimation of the Imptuities.— Transfer 0.5 gram of the powdered 
sulphur to a flask provided with a well-fltted glass stopper. Add at one time 
an excess of saturated bromine-water and shake thoro’jghly. Water dissolves 
2 to 3.25 per cent of bromine at ordinary temperatures, and, as at least 15 
parts bromine are required for 1 part of sulphur, it is advisable to use from 275 
to 400 ml. of the bromine water to insure suiBScient of the reagent for the 
oxidation of the sulphur to sulphinic acid. Boil the solution to expel the excess 
of bromine, collect the residue and wash with hot water; dry and weigh. A 
Gooch crucible is convenient for collecting the residue. The weight of the 
remdue X 200 = percentage of impurities. The percentage of sulphur may 
be calculated directly from that of the sulphuric acid in the filtrate (408), or 
with sufficient accuracy for practical purposes, by subtracting the percentage of 
impurities from 100. 

Commercial roll-sulphur is usually very pure. . Its quality can generally 
be satisfactorily determined from its color and relative freedom from dust and 
small fragments. 

415. Estamalion of Sulphuric Add in Sulphurous Adds.— The following 
method is recommended by Eerzfeld : ^ Pass the sulphurous acid gas into a 
40 to 60 per cent sucrose solution for ten to twenty minutes. Test a portion 
of the solution for sulphuric acid by the addition of barium chloride and hydro- 
chloric add. An insoluble precipitate of barium sulphate forms in the presence 
of sulphuric add. If a quantitative test is desired, a measured volume of the 
gas must be used and the predpitated sulphate must be collected in a Gooch 
filter and be washed with hot water, dried and ignited to redness. The weight 
of Ihe barium sulphate X 0.343 = the weight of sulphur trioxide (SOs) in 
the volume of gas used. 

^Zdtschiift, 1911, 917; Int. Sugar Joum., 1912, 14 , 113* 
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ANALYSES OF FLUE-GASES 

416« Remarks oa Flue-gases. — ^Tbe analysis of flue-gases is made as a 
part of the boiler-house control for the purpose of ascertaining whether the full 
eflSciency of the fuel is being obtained. Occasionally factories using the car- 
bonation process use the flue-gases as a source of carbon dioxide. 

For these purposes the ordinary volumetric analysis is usually employed 
and the constituents are reported in volume per cents. The constituents 
determined are carbonic acid (CO 2 ), carbonic oxide (CO), oxygen (0), and 
nitrogen (N). 

417. Preparation of the Apparatus and Reagents.— The most convenient 
apparatus for this analysis is that of Orsat, Fig. 135. A form of this apparatus 
having a four-way stopcock instead of those 
on the pipettes B, C, D and 0 is often 
used, but that illustrated is easier to manip- 
ulate and is preferable. 

The apparatus consists of a water- 
jacketed burette 1, for the measurement 
of the gases and three absorption U tubes 
B, C, Dj with suitable connections and 
stopcocks. The absorption branches of the 
U tubes are filled with pieces of small-bore 
glass tubing to increase the surface exposed 
to the gases. 

The absorption-tubes are connected 
with the burette by barometer tubing 
of very small bore. The branches of the 
U tubes at the rear are usually connected 
with a soft rubber bulb (not shown in 
the figure), to prevent expoang the solu- 
tions to the air and thus weakening them. 

The water-jacket on the burette is for 
maintaining a fairly constant temperature 
during the test. 

The following solutions are used in the absorption-tubes; 

For tule B: Use a concentrated solution of caustic potadi (KOH) of about 

eO'Brix. 

For tule C: Dissolve 5 parts of pyrogaUic acid in 60 parts of hot water and 
add 1 00 parts of caustic potash solution of approximately SO"' Brix. 
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For tube D: This tube is to be Med with a solution of cuprous chloride 
prepared as follows: Place 35 grams of cupric chloride in a bottle, add 200 ml. 
of concentrated hydrochloric acid and a quantity of copper turnings or copper 
foil. Stopper the bottle and set it aside for two days, shaJd n g it occasionally, 
than add 120 ml. water. 

Beady prepared cuprous chloride may be obtained of the dealers, and used, 
instead of making it in the laboratory. Twentynsix grams of cuprous chloride 
should be dissolved in 200 ml. concentrated HCl as above, 120 ml. of water 
added, and copper trimmings or foil placed in the storage bottle. Each of the 
tubes in D should have a piece of copper wire in it. 

The U tube should be Med half full of the solutions and the rubber bulb 
then connected with the branches, or in lieu of the bulb, oil may be poured on 
the surfaces of the liquids. The bulb is preferable, however. 

418. Sampling and Analysis of Flue-gases. — ^A piece of half-inch iron pipe 
diould be inserted into each flue, leading to the chimney, reaching about half- 
way to the center of the flue. A double-acting rubber-bulb pump, with suit- 
able valves, is used in drawing the gas from the flue and discharging it into a 
soft rubber bulb used as a receiver. The bulb should be Med with the gases 
and emptied several times, to expel all the air it or the pump may contain, and 
then be Med with the sample and its rubber tube closed with a pinch-cock. 
It is convenient to have a number of these bulbs so that duplicate samples may 
be drawn from each flue. A pair of aspirator bottles may also be used for 
collecting the sample of gas. 

In analyzing the samples proceed as follows: Fill the bottle F, Fig. 136, 
mth distilled water (which has previously been saturated with the gases to be 
analyzed) close the cocks on BC and D and open the 3-way cock 0 to the air; 
lift F until the water Alls the burette to the upper mark, then close the 3-way 
cock and pinch-cock on the rubber tube connecting F with the burette, and 
place F on the table. 

A U tube containing a little water and a light plug of cotton in each branch 
is connected at E, 

Open the pinch-cock and then cautiously open the cock on the U tube B 
and let the caustic-potash solution rise to the mark on the upper part of the 
tube, lowering F still more if the pressure is not sufficient. Fill the tubes 
C and D in the same way, filling the burette with water each time by altering 
the position of the bottle F. With the absorption branch of each U tube Med 
with its solution and the burette with water, the apparatus is ready for the 
tests. CJonnect the sample-bulb with the small U tube on E and permit a 
little of the gas to escape into the air through the side branch of the 3-way 
cock O, to expel the air or previous sample from the connections. 

Open the cock to (? to connect with the apparatus, and the pinch-cock on 
the water-tube and let the gas displace the water in the burette. Hold the 
bottle F, so that the level of the water in it will be level with the zero of the 
busette, disconnect the sample-bulb and manipulate the cock G so that the 
levels of the water in the bottle and burette will be the same. Lift the bottle F 
and cautiously open the cock on and let the gas displace the caustic potash, 
filling and «nptying the U tube with gas by manipulating the bottle, but at 
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no time letting the water rise above the 100 mark on the burette. The caustic 
potash solution will absorb the carbonic acid. As soon as absorption ceases, 
hold the bottle with the surface of the water in it at the level of that in the 
burette and note the burette reading, which is the percentage of carbonic acid 
(CO 2 ). Next repeat these manipulations with the residue of the gas using U 
tube C. Note the total reading of the burette and subtract the first reading 
from it to obtain the percentage of oxygen (0). Again proceed with the last 
residue of gas as before, uring U tube D. The second burette reading sub- 
tracted from the third gives the percentage of carbon monoxide (CO). The 



final residue usually consists almost entirely of nitrogen (N) and the percentage 
is obtained by subtracting the third burette reading from 100. The gases 
may contain very small quantities of sulphuretted hydrogen and sulphurous 
add; these introduce a slight error in the determinations. 

Sulphuretted hydrogen is tested for with filter-paper moistened with lead 
acetate or subacetate, which turns black in the presence of the gas. 

Sulphurous add may be detected by shaking a little of the gas in a test- 
tube with iodized starch solution. If t^ acid is present the blue color is dis- 
charged. 

After each analysis the residual gas should be expriled from the apparatus 
and the burette left filled with water. The cocks should be well greased with 
vaseline or some preparation for this purpose. 
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419. Automatic CO 2 Devices. — Many modern boiler-houses are equipped 
with automatic devices for analyzing the flue-gases. These generally indicate 
and record at short intervals the percentage of CO 2 present. They are of two 
general types, direct and indirect, the direct actually analyzing the gas sample 
by absorbing the CO 2 in caustic as in the Orsat, while the indirect depend upon 
the difference in density of carbon dioxide and air. 

These devices all require close attention to keep them in accurate working 
order. Descriptions and detailed directions can be obtained from the makers. 

420. Interpretation of Flue Gas Analyses. — ^The burning of any fuel under 
boiler conditions requires the use of an excess of air; i.e., more air than the 
theoretical amount required to supply oxygen to aU the combustible. Any 
attempt to limit the air to within a close approximation of the theoretical will 
result in smoke, loss of unburned carbon in the form of soot and incomplete 
combustion as shown by the presence of carbon monoxide (CO) in the flue 
gases. The loss under these conditions may be very great as only about one- 
third the heat value is obtained, when carbon is burned to the monoxide as 
when it is completely binned to carbon dioxide. There should be no carbon 
monoxide whatever in the flue gases. 

On the other hand too great an excess of ah also means an avoidable loss. 
The amount of ah is indicated by the percentage of CO 2 in the flue gases, the 
relationship varying with the fuel as shown in Fig. 136. It is the heat requhed 
to raise this excess ah from outside temperatures to that of the stack gases 
that causes the loss. As has been shown in Fig. 19 in Chapter IV there is a 
difference of about 15 per cent of the bagasse as fired between the loss due to 
200 per cent excess ah and 100 per cent excess ah. 



CHAPTER XXXIX 


FERMENTATION AND MICROORGANISMS IN 
SUGAR MANUFACTURE 

By Wm. Ltjbwell Owen, 


Research BaderiotoQist, Agricultwrcd Experiment Station of Louisiana State 
Vnimsity, BoUm Rouge, Louisiana 

In cane sugar manufacture fermentation is an ever-present problem from 
the time that the j uice is first extracted until the sugar reaches its fina.! state of 
purity and is distibuted as the refined granulated product. While the sus- 
ceptibility of the intermediate products of raw sugar manufacture to deteri- 
orate decreases from the raw juice to the finished sugar, this fact does not con- 
stitute a criterion of the relative importance of the problem at the different 
stages of the manufacturing process, since the finished products are subjected 
to these changes over much longer periods than any of the products of the pre- 
ceding stages. Cane juices as fresMy extracted ^ contain a very large number 
of micro-organisms, which gain access to it from the rind of the cane and from 
the tradi and dirt adhering thereto, and also from other more extraneous 
sources. This number may vary from less than one hundred thousand, to 
several million per cubic centimeter, depending upon the cleanliness of the 
cane, and the sanitary condition of the miH in which the extraction is effected. 
Where the rind of the cane is uninjured and where special methods of extrac- 
tion are used so as to eliminate all chances of outside infection, cane juices 
may be obtained in a practically sterile condition. Freshly extracted cane 
juices possess a considerable degree of germicidal action,^ and for several hours 
after their extraction the number of microorganisms decrease as a result of 
enzymic action. In frozen or burnt cane this protective action is lost, and as a 
result the deterioration of the juice of such cane progresses with undiminished 
rapidity from the time that it is extracted until the action is checked either by 
outside intervention or by the exhaustion of the food supply for the micro- 
organisms. 

421. Classification of Microorganisms.— The microorganisms occurring 
in cane juices may be classified according to their economic importance in 
sugar manufacture, as follows; 

Bacteria, — (1) Species which destroy sucrose without the formation of gum, 
and which are of importance only in the juice. 

^ W. L. Owen, La. Expt. Station, BuHetin No. 125. 

* Browne, C. A. J, Am. Chem. Society, VoL XXVIII, 1906. 
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(2) GTim-formiTig species which mclude the dextran forming Leuconostoc 
mesenteroides, and the levan-forming mesentericus group of bacteria. The 
former is of importance only in the juices and the dilute liquors while the 
other group persist throughout the entire manufacturing process, and may 
cause a slow inversion of sucrose in sirups and molasses. 

(3) Species known as thermophiles, which devdop at temperatures 
between 46°-73® and are sometimes responsible for the deterioration of hot 
clarified juices, and often develop in the filter presses and juice settlers. Among 
the best known of these species is the Microspira Northii.^ 

Mold Fungi, — (1) Very strongly inverting ^cies which are active in 
juices as well as in sirups, and constitute the most active agency in the deterio- 
ration of raw sugars, example, Aspergillus repens,* and Aspergillus niger. 

(2) Species which induce only a feeble inversion of sucrose at the density 
corresponding to that of the molasses films surrounding sugar crystals, but 
which may mduce considerable losses of sucrose in cane juices — example, the 
Citromyces group, and Monilia fusca (Browne). 

(3) Species which are very prevalent in sugar products, but are of little 
economic significance owing to their weak inverting power — example, Monilia 
nigra (Browne).* 

Yeast, — (1) Those species which are found in raw juices, and which induce 
an active inversion of sucrose at that density. 

(2) Species of non-sporulating yeast baown as Torulae, containing no 
invertase, and which induce an active destruction of reducing sugar, and often a 
selective action upon levulose, in cane sirups and molasses, and in the molasses 
films surroxmding raw sugar crystals. 

422 . Factors ASecting the Number of Microorganisms in Cane Juices. — 
The number and Idnd of microorganisms occurring in cane juices depend to a 
very large extent upon the amount and nature of the substances severing to 
the rind of the cane, from which the extracted juice becomes infected during 
milling. The mere mechanical filtration of freshly extracted cane juices has 
been found to eliminate approximately 76 per cent on an average of the micro- 
organisms originally present, while the use of vegetable carbons and Filter- 
Cel ® in the proportions in which they are ordinarily used in sugar manufacture 
removes approximately 99 per cent of the microorganisms originally contained 
in the juice. It is evident from these results that it is of very great impor- 
tance to use the most efficient type of jmee strainers in order to eliminate at 
the very beginning as many as possible of the microorganisms with which the 
fre^y extracted juice is contaminated. 

423 . Mill Sa lut ation. — ^From the fact that freshly extracted cane juices 
are immediately infected with a very large number of microorganisms, 
many of which are capable of rapidly inverting sucrose, it is highly important 
to avoid exposing them to the deteriorative action of the latter for more 

* Carpenter, C. A. and Bomonti, H. F. Bep. Hawaiian Sugar Technologists 
1921. 

* Owen, W. L. Facts About Sugar, 1925. 

« Browne, C. A. Ind. and Eng. Chern,, Vol. 10 , 1918. 

" Owen, W. L. Int. Sugar J., 26, 1924. 

’ { 
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the briefest possible interval. It is also highly essential to keep the miU as 
free as possible from deteriorated material such as fermented portions of 
bagasse or particles of trash which have absorbed fermented juice. Frequent 
washing and cleaning of mills, and the use of steam at frequent intervals, has 
been known to reduce greatly the drop in purity between crusher and mill 
juices.^ It still is a debatable question whether the use of antiseptics at the 
mills is to be recommended as a r^ular procedure, owing to the laige quanti- 
ties that would be required and the expense that would be involved. How- 
ever, the use of suitable germicides from time to time in connection with the 
washing down and the cleaning of the mills, or after any undue delay due to 
breakdowns or other causes is to be recommended. Formaldehyde in the 
proportion of 1 : 200 « or chloride of lime in the proportion of 1 : 50 will prove 
a very efficient method of maintaining the sanitary conditions of mills. This 
is, of course, a much higher concentration than would ever be required for the 
preservation of juices, for which purpose formalin in the proportion of from 
1 : 5000 to 1 : 10,000 is usually recommended (see Chapter X>. For the 
elimination of infection from fermented juices, especially of the viscous type, 
chloride of lime wiU be found to be the more efficient of the two germicides, 
owing to its greater penetrating power. 

424. The Influence of Temperature upon the Nature of the Fermeniaflon 
of Cane Juices. — ^Although the nature of the infection of the juice from sound 
cane at the time of its extraction is subject to comparatively little variation, 
the type of the predominant fermentation varies considerably at different 
times. One of the most prominent factors determining the course of the spon- 
taneous fermentation of cane juice is the temperature to which it hapi)ens to 
be exposed. Experiments have shown* that at temperatures below 20® C. 
the viscous type of fermentation seems to predominate more frequently than 
at temperatures between 20° C. and 30° C. This would tend to expMn the 
susceptibility of juices from frozen cane to dextran fermentation. 

The temperature limits of two of the most important groups of gum- 
forming bacteria found in cane juices are as follows: 


Group 

Min. Temp. 

Op. Temp. 

Max. Temp. 

Leuconostoc mesenteroides — 

11-1-1 

30-35 

40-43 

Bacillus mesentericus (Levan 




forming bacteria) 

15“22 

37 

45 


Other factors which tend to determine the type of fermentation which cane 
juices undergo are (1) pH of the juices and (2) the amount and kind of con- 
taminating material that gains access to it. 

^ McCleery, W. L. Eept. Hawaiian Sugar Teohnologusts, 1925. 

* Owen, W. L. La. Expt. Station, Bulletin No. 153. 

* Owen, W. L. Int. Sugar J., 17, 1921. 
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426. Number of Microoxgauisms at the Various Stages of Raw Sugar Man- 
ufacture. — ^In the process of sv^ar manufacture the microorganisms occurring 
in the raw juice tend to be successively eliminated at all of the subsequent 
stages of the manufacturing process, by the methods of clarification and by the 
temperatures employed in connection therewith. The following data illus- 
trate the eliminative effects of clarification upon the number of microorgan- 
isms occurring at the different stages of raw sugar manufacture: 


Product 

Number 
Microorganisms 
per Gram or Cc. 

Raw juice 

280,000 

35,000 

37,500 

750 

400 

450 

600 

35.000 

25.000 
1,500,000 

Sulphured juice 

limed juice 

Defecated juice 


Massecuite 

Sqgars 

Molasses 

Wash waters 

Filter-press cake 



It is evident from the above data that good clarification of the juices in 
raw sugar manufacture will be reflected in a lower microbial content of the 
various products at the successive stages of manufacture. 

426. Other Types of Fermentation in Sugar Cane Products. — The viscous 
fermentation of cane juices is associated with a very pronounced reducing 
action, resulling in the marked bleached appearance of the fermented juice. 
Various deoxidation products result from this fermentation, among which 
Browne “ found mannite to be the most commonly occurring. The amount 
of mannite occurring in fermenting juices, however, is subject to wide varia- 
tions, owing to the readiness with which it may be utilized as a source of energy 
for other groups of microorganisms. 

In addition to the viscous fermentation of cane juices, and the ordinary 
alcoholie fermentation, there are other less commonly occurring, ahH less weU 
understood fermentalive phenomenon, of which Browne has made a very 
thorough study. Among these may be mentioned the CeUulosic fermentation, 
in winch sucrose is afsi mi l a ted by certain forms of bacteria such as Bacterium 
x yhghiTP ,, with the formation of o^ulose. This organism forms clumps of 
gela tiTio iis sheaths in cane juices and Browne found that the product of this 

“Owen, W. L. La. Expt. Station, Bulletin No. 125. 

“Church, M. B. Sugar, 1921. 

“Koprioff, N. and L, La. Planter, 1919. 

“ Browne, C. A. Jour. Am. Chem. Soc., VOl. 2t (1906). 
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fermentation consisted of cellulose, and represented approximately 7 per cent 
of the total sugars fermented. 

Among the interesting products of fermentation in sugar cane products 
may be mentioned mannan, which Browne identified in the deposits and scums 
formed in fermenting juices, sirups and molasses, and also chitine, which he 
isolated from the scums which form on the surface of molasses left over in the 
hot-room. These scums consist of the growth of the fungus Citromyces, and 
Browne’s investigations have shown that the former are characterized by an 
exceptionally high fat content (27.5 per cent) which in composition very strik- 
ingly resembles butter fat. 
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427. Litmus Solution.— This solution may be prepared either (o) directly 
from pure azolitmin which may be purchased from the dealers, or (5, c) by 
separatii^ t.hi« coloring matter from crude litmus. The crude litmus ^ould 
not be used without purification of the azolitmin in the preparation of either 
the gftlntinn ot the test-paper, since the other coloring matters present impair 
the sensibility. 

(a) Dissoke 1 gram of pure azolitmin in 100 ml. of dilute alcohol contain- 
ing about 20 ml. of 86 per cent alcohol, by waght. Filter the solution and 
presenre it as indicated in (h). 

(h) Boil 100 grams of commercial litmus with 600 ml. of distilled water and 
set it aside to cool and deposit the residue. Decant the clear solution and 
evaporate it on the crater-bath to about 200 ml. Filter the concentrate and 
dilute the filtrate to 800 ml crith distilled water and add 100 ml. of diluted 
sulphuric add containii^ 16.2 grams of the pure concentrated acid. Heat the 
mixture four hours on the water-bath with frequent stirring. Collect the 
precipitate which forms and wash it with cold water, until the washings 
assume a peculiar fiery red color and on addition of caustic alkali a deep blue 
and not a violet color. Reject the washings and dissolve out the purified 
coloring-matter with 100 ml. lukewarm 90 per cent alcohol to which a few 
drops of ammonia have been added. Distill off the alcohol, after filtration, 
and evaporate the residue to dryness on the water-bath. Dissolve the dried 
residue in 600 ml. of distilled water and neutralize the solution with sodium 
hydrate. l%e neutral solution should have a pure violet tint. 

litmus solution decomposes when stored in a stoppered bottle. It should 
be kept in a salt-mouth bottle, which should be only half filled with the solu- 
tion, and a loose plug of cotton should be placed in the mouth of the bottle to 
keep out dust and admit air. 

(c) Exhaust powdered litmus with successive portions .of hot alcohol to 
remove the coloring-matter that accompanies the azolitmin. Digest the 
reddim in cold water acidulated with sulphuric or hydrochloric and reject the 
solution. Treat the residue with boiling water to extract the azolitmin and 
then filter the scdution. The filtrate should be neutralized and preserved as 
in (b). 

42& litmus Papers.— These papers are prepared by soaking filter-paper 
in acid (red), neutral and alkaline (blue) azolitmin solution. The paper should 
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be of the best quality and be thoroughly washed. Well-washed quantitative# 
filter-paper is suitable. A paper is sometimes used to which the solution is 
only applied to one side, the other being left white for comparisons. 

The neutral pax)er is prepared by soaking the paper in the azolitmin solu- 
tion obtained by one of the methods of the previous paragraph. The sheet of 
paper should be drawn over a glass rod to remove the surplus solution, and 
then hung to dry in a room free of laboratory fumes. The sheet should be 
occasionally turned when first hung to prevent the solution from accumulating 
at the edges by drainage. 

The red paper is prepared as above, but from an azolitmin solution that has 
been faintly acidulated with sulphuric. The acidulation is conveniently and 
efficiently accomplished as follows: Divide the azolitmin solution into two 
equal parts and faintly acidulate one and then mis: the two. Repeat this 
proceeding until the mixture is very faintly red. Test the senativeness of the 
solution by soaking a strip of filter-paper in it. The paper should be dightly 
red when dried. Proceed as above in preparing an alkali solution for the blue 
paper, except using a dilute sodium hydrate solution. 

429. Turmeric or Curcuma Paper. — ^Digest powdered commercial turmeric 
or curcumin in water to remove all water-soluble coloring-matter. This 
repeated digestion is best conducted by decantation. Treat the residue with 
alcohol to dissolve the curcumin. Neutralize the solution with dilute caustic 
soda solution and soak filter-paper in it. On account of the usual acidity of 
paper, the solution may even be slightly alkaline. Dry the paper by suspend- 
ing the sheet from a line with clips and then again soak it in the curcumin 
solution, this having in the meantime been again neutralized. Again dry the 
paper and repeat these operations until an exceedingly sensitive paper is 
obtained. This paper turns a reddish brown with alkali and yehow with acid. 
The neutral paper just verges on a brown tint. This paper is usually suffi- 
ciently sensitive for aH factory purposes. 

Turmeric paper was formerly extensively used in the control of the ordinary 
defecation process. The paper is turned a reddish brown by lime and this color 
may easily be seen by artificial light. Cane-juice that has very slight turmeric 
alkalinity in the cold usually becomes neutral on heating, due to the combina- 
tion of the lime with the organic acids at the higher temperature. 

430. Phenolphthalein Solution. — ^Dissolve 1 gram of phenolphthalein in 
100 ml. of diluted alcohol and neutralize it with acid or alkali as may be 
necessary. 

431. Phenolphthalein or Dupont Paper. — ^This paper is made by soaldng 
the very finest quality of filter- or glazed paper in an alcoholic solution of 
phenolphthalein. Dupont regulated the sensitiveness of the paper by adding 
dilute sulphuric acid to the alcoholic solution and made the sensitiveness 
correspond to different proportions of lime or other alkalinity of juices. This 
paper is much used in the control of sulphitation processes. 

432. Corallin or RosaHc Add Solution. — A solution of commerdal corallin 
in 90 per cent alcohol, nearly neutralized, may be used. 

For determining the aH^nity or acidity of molasses (305) the alcohd- 
soluble corallin used as a stain in microscopy is recommended. 
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433. Methyl Orange. — ^Dissolve 1 gram of the pure noaterial in distOled 
water and make to 1 liter. 

434. Phenacetolin Solution. — ^Dissolve 2 grams of the reagent in 1000 ml. 
of strong alcohol and neutralize the solution. 

435. lodate Paper. — ^Dissolve 2 grams of starch in 100 ml. of water with 
heating and add 0.2 gram of iodate of potassium, dissolved in 5- ml. of water. 
Soak filter-paper in this solution and dry it. 

This paper is used in testing for sulphurous acid, which, even in slight 
traces, frees the iodine and colors the paper blue through the reaction with the 
starch. 

436. N essler’s Solution. — ^Dissolve 62.5 grams of potassium iodide in 260 ml. 
of water. Set aside about 10 ml. of this solution; add to the larger portion a 
solution of mercuric chloride until the precipitate formed no longer redissolves. 
Add the 10 ml. of potas^um iodide solution; then continue the addition of 
mercuric chloride very cautiously until only a light permanent precipitate 
forms. Dissolve 150 grams of caustic potash in 150 ml. water, cool and add it 
gradually to the above solution. Dilute the mixture to 1 liter. 

437. Snhacetate of Lead. — ^Heat to boiling, for about half an hour, 860 
grams of neutral lead acetate, 260 grams of litharge, and two liters of water. 
Cool, settle, and decant the clear solution. 

This solution may be prepared without heat, provided the noiixture is set 
aside several hours, with frequent shaking. The solution should be diluted 
with cold, recently boiled, distilled water to 54.3® Brix. (1.26 sp. gr.) 

438. Neutral Lead Acetate, — ^Dissolve neutral lead acetate in distilled 
water to make a saturated solution. 

439. Hydrate of Alumina. “ Alumina Cream.” — ^To a saturated solution 
of common alum in water add ammonia little by little until in slight excess, 
then enough additional alum to render the solution lightly acid to litmus 
paper. The sulphates may remain in solution to precipitate the excess of lead. 

When precipitation of the lead is not wished, the hydrate of alumina should 
be washed by decantation with water until it contains only traces of sulphates. 

440. I^epaxation of Pure Sugar. — ^The following method of purifying sugar, 
for use in testing polariscopes, was adopted by the Fourth International Con- 
greaa of Applied Chemistry, Paris, 1900, on the recommendation of the com- 
mittee appointed with a view to unifying the methods of sugar analysis used 
in various countries: Prepare a hot saturated solution of the purest commercial 
sugar obtainable, and precipitate the sugar with absolute ethyl alcohol. Spin 
the precipitated sugar in the laboratory centrifugal and wash it with alcohol. 
Redissolve and repredpitate the sugar as before, washing it in the centrifugal 
with alcohol. The sugar so obtamed should be dried between pieces of 
blottiiig-paper and preserved in a stoppered jar. The moisture in the sugar 
siioiild be determined and proper allowance made for it when weighing the 
sample for analyeos. 

The preparation <rf pure sucrose is a difficult operation as will be found by 
reference to the work of Bates and Jackson, ptages 94 to 99 of Circular No. 44 
of the Bureau of Standards. For most sugar' laboratory work any dry hi gh- 
gmdb gramilated sugar (pEi^eiAbly cube sugar) as close to pure sucrose 
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as is obtainable by any, ordinary method and thia may generally be employed 
wherever pure sucrose is specifi^ for use. 

441. Preparation of Pure Invert Sugar. — ^Dissolve 4.76 grams of pure 
sucrose in 75 ml. of water, add 10 ml. of dilute hydrochloric acid (24.85 Brix 
at 20® C. as is used in Clerget methods) and set aside for twenty-four hours at a 
temperature not lower than 20® C. Neutralize the acid carefully with sodium 
hydroxide, shaking constantly during the addition of the alkali. Make to 1 
liter. Ten ml. of this solution contains 0.050 gram of invert sugar. 

442. Fehling’s Solution, Soxhlet’s Modification. — ^Two solutions are 
employed which are mixed in equal portions immediately before use. All the 
glucose methods described in this book use this reagent. 

(а) Copper Sulfate Solution, — ^Dissolve 34.639 grams of copper sulphate 
(CuSO • 5H2O) in water, dilute to 500 ml. and filter through prepared asbestos. 

(б) Alkaline Tartrate Solution, — ^D^lve 173 grams of sodium hydroxide 
in water, dilute to 500 ml., allow to stand for two days and filter throu^ pre- 
pared asbestos. 

443. Normal Acid and Alkali Solutions. — According to Sutton ^ Normal 
solutions, as a rule, are so prepared that 1 liter shall contain the hydrogen 
equivalent of the active reagent weighed in grams (H = 1.008).” Thus 
normal sulphuric acid contains 49.040 grams H2SO4 per liter; normal hydro- 
chloric acid, 36.465 grams HCl per liter, etc. Half-normal, one-fifth normal, 
and one-tenth normal (decinormal) solutions are frequently used, and may 
be prepared by diluting the normal solutions. Normal, half-normal one-fifth 

N N N 

normal solutions, etc., are usually indicated as follows: N, — , — , etc. 

These solutions are prepared and checked as described in the following sections. 

444. Standard Hydrochloric Acid, — ^The reagent acid usually has a specific 
gravity of 1.20, approximately. Acid of this specific gravity contains about 40 
per cent of hydrochloric acid, hence a little less than 50 grams of it are required 
to contain the 18.233 grams necessary to form a half-normal solution which is a 
convenient strength. It is advisable to dilute a somewhat larger quantity of 
the acid, e.g,, 40 ml. to 1000 znl., with distilled water, rather than to attempt 
to approximate the correct quantity. 

To standardize this acid, first prepare pure sodium carbonate as follows: 
Wash several grams of any good brand of ordinary “ baking soda ” several 
times with cold water by decantation to remove possible soluble chlorides and 
sulphates; dry in a hot air oven at 100° C. and then heat to dull redness in a 
platinum for half an hour (or to constant weight). The heating changes 
the sodium bicarbonate, NaHCOs to sodium carbonate, NaaCOs. Store the 
pure NaaCOs in a desiccator in a gjass-stoppered bottle. To standardize the 
acid, weigh accurately about 1.1 grams of the carbonate, dissolve in 100 ml. of 
distilled water, add 2-3 drops methyl orange and titrate to the point where 
the color changes from yellow to pinkish-orange.. One gram of pure NaaCOs = 
37.736 ml. of N/2 acid. Weight of NaaCO, X 37.736 = ml. acid that should 
have been used if acid is exactly N/2. This figure divided into milliliters of 


1 “ Volumetric Analysis ” 
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add actually used X 1000 = number of milliliters of the acid that must be 
made up with water to 1 liter to yield exactly N /2 add. The preliminary titra- 
tion diould show the acid too strong in order that it may be diluted to the cor- 
rect strength. 

For example: Suppose 1.11 gram sodium carbonate takes 39.70 mL of 
acid to neutralise. Then 

1.11 X37.736 = 41.89 

39-70 X 1000 ^ 

41.89 

Then 947.7 ml. of the add must be made to 1 liter to obtain exactly N/2 acid. 

After the dilution the acid should again be titrated against sodium car- 
bonate in the same manner as above to check the correctness of the dilution. 
The acid so checked will serve as a convenient basis for the preparation of 
other standard acids and alkalies. 

1 ml. normal hydrochloric acid = .036466 gram HCl 

= .035457 gram Cl 
= .028036 gram CaO 

445. Standard Oxalic Add. — ^This is the simplest of the normal solutions to 
prepare, and when strictly pure oxalic acid can be obtained it may be used in 
checking the preparation of all the standard alkali and acid solutions. Oxalic 
acid of tested purity as obtained from the dealers will serve the purpose. 

Reject all crystals that show indications of efBlorescence. Dissolve 63.024 
grams of this add in distilled water and dilute to 1000 ml. to prepare the nor- 
mal solution, or, preferably, dry the powdered acid at 100® C. to constant 
weight and use 45.018 grams in preparing the normal solution. It is advisable 
to employ weaker solutions than the normal, usually the one-tenth normal 
add. This should be prepared from the normal solution as required, since 
the latter keeps wdl, provided it is not exposed to direct sunl^ht. 

1 ml. normal oxalic add = .06303 gram H 2 C 204 . 2 H 20 . 

446. Standard Sulphuric Add. — ^Add approximately 28 ml. of concentrated 
sulphuric acid to distilled water, cool the solution, and dilute to 1000 ml. 
Standardize by titration with normal alkali or gravimetricaUy by precipita- 
tion with barium chloride. Many chemists use this method as the starting 
point in the preparation of standard acids and alkalies. 

1 xnL normal sulphurie add = .049040 gram H 2 SO 4 
= ,028035 gram CaO 
= .051816 gram SrO 
= .076685 jgram BaO 
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447. Standard Stilphuric Add for the Control of the Carbonation. — 
Add approximately 21 ml. of concentrated sulphuric acid to distilled water, 
cool the solution, and dilute to 1000 ml. Titrate this solution with a normal 
soda or potash solution, using phenolphthalein as an indicator. Dilute the 
acid so that 14 ml. of it wiU be required to neutralize 10 ml. of the normal alkali. 

1 ml. this standard acid » .035 gram H2SO4 
= .02 gram CaO 

It is usual to add the phenolphthaldn to this solution before dilution to 
1000 ml. 

448. Standard Alkali Solutions. — Ammonium hydroxide (NH4OH), caustic 
soda (NaOH), and caustic potash (KOH) are used in preparing the alkali 
solutions. The normal soda or potash solutions are used, but the ammonia 
should be weaker, preferably decinormal, or, for Siden^’s method for reducing 
sugars, half-normal. 

Dissolve 42 grams of chemically pure caustic soda in water, in preparing 
the normal reagent, cool the solution, dilute to 1000 ml. and standardize it by 
titration against a normal acid. In preparing the potash solution, use 58 
grams of chemically pure caustic potash. Standard ammonia is prepared by 
diluting the reagent to approximately the required strength, and standardizing 
it by titration with decinormal or half-normal acid, as may be required, using 
cochineal as an indicator. 

1 cc. normal caustic soda solution = . 04001 gram NaOH 

=* .03100 gram Na20 
1 cc. normal caustic potash solution — .05610 gram KOH 

- .04710 gram K2O 
I cc. half-normal anomonia solution = .00852 gram NHs 

= .01752 gram NH4OH 

1 cc. decinormal ammonia solution = .00170 gram NHs 

=» .00351 gram NH4OH 

Phenolphthalein cannot be used as an indicator with ammonia. 

449. Decinormal Potassium Permanganate. — Dissolve 3.16 grams of 
chemically pure, dry permanganate of potassium (KMn04) in distilled water, 
and dilute to 1000 ml. This solution is conveniently checked by titration with 
decinormal oxalic acid. To 10 ml. of decinormal oxalic acid add several vol- 
umes of water and a few cubic centimeters of dilute sulphuric acid. Warm 
the solution to approximately 60° C., and add the permanganate solution little 
by little. Discontinue the addition of the permanganate as soon as the solu- 
tion acquires a faint pink or rose color. The temperature of the solution must 
be maintained at approximatdy 60° G., and a little time must be allowed for 
the reaction. 

Permanganate of potassium solution should be preserved in a tightly 
stoppered bottle, and should be checked from time to time. The formation of 
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a precipitate indicates a change in the solution. It is simpler to determine a 
factor from time to time, rather than attempt to maintain the solution strictly 
decinormal. 


1 ce. decinormal permanganate of potash 


{ 


00316 gram KMn 04 
00636 gram Cu 


I 
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TABLE 1 

Shotting the Impubitibs Pbesbnt in Commbecul Reagents; Also tb® 
Stbbngoh op SoLTmoNS, EtCm Rbcomuended in Analtsis 


Name 

Symbol 

Impurities 

Strength of Solution, etc. 

Sulphuric Acid 
(Oil of Vitriol) 

HiS 04 

. • 

Pb, As, Fe. Ca, 
HNO2, N2O4 

Concentrated and dilute. 
To dilute pour 1 part acid 
by measure into 9 parts 
distilled water. Use por- 
celain dish. 

Nitric Acid 

HNO3 

H2SO4, HCl 

Concentrated and dilute. 

; To dilute add 1 part add 
to 9 parts water. 

Hydrochloric 

Acid 

(Muriatic Acid) 

HCl 

Cl. PesCls, 
H2SO4, 802 . 

As 

! C(mcentrated and dilute. 
Dilute B 1 part acid to 9 
parts water. 

Nitro-hydro- 
chloric Acid 
(Aqua regia) 



Prepare when required 
by adding 3 parts hydro- 
cnloric to 1 part nitric acid. 
Use concentrated acids. 

Acetic Acid 

HCiHtOi 

H2SO4. HCL 

Cu, Pb, Fe, Ca 

Concentrated and dilute. 
Dilute « 1 part pure gla- 
cial acetic add to 1 part 
water. 

Sulphurous Acid 

H2SO3 


To charcosl, in a flask, 
add concentrated H2SO4. 
Boil, wash the gas gener- 
ated by passing it through 
water, and finally pass it 
into very cold water. Pre- 
serve the solution in tightly- 
stoppered bottles. 

Oxalic Add 

H2C2O4 

Fe, K, Na, Ca 

Dissolve 1 part of crystal- 
lized acid in 9 parts dis- 
tilled water. 

Hydrogeu 

SulpUde 

H2S 


Use in gaseous state or 
in water solution. Wash 
the gas. 

Sodium 
Hydroxide 
or Potassium 
Hydroxide 

NaOH, ZOH 

Al, Si02, phos- 
phates, sulpnates, 
and chlorides 

Dissolve the stick soda 
or potash in 20 parts water. 
(Soda is less expensive, and 
will usually answer for most 
purposes in place of potash.) 

Ammonium 

Hydroxide 

NH4OH 

Sulphate, chlo- 
ride, carbonate, 
tarry matters 

Stronger water of am- 
monia LOO spedfic gravity) 
and i above strength. 
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Table 1. — Reagents — Continued 


Name 

Symbol 

Impurities 

Strength of Solution, etc. 

Barium 

Hydroxide 

BaCOH )2 


Dissolve 1 part of the 
crystals in 20 parts water; 
filter, and preserve in stop- 
pered hot tie. 

Calcium 

Hydroxide 

CaCOH )2 


Slake lime in water, filter 
off the solution, and pre- 
serve out of contact with 
the air. 

Sodium 
Ammonium 
Add Phosphate 
(Microcosmic 
Salt) 

Na(NH4)HP04 


Dry and powder the salt. 
It may be made as follows: 
Dissolve 7 parts sodium acid 
phosphate (Na^HP 04 ) and 

1 part ammonium chloride 
in 2 parts boiling water, 
filter, and separate the re- 
quired salt by crystalliza- 
tion. Purify by recrystal- 
lization. 

Sodium 

Tetraborate 

Na2B407 


Heat to expel water of 
crystallization and powder. 

Sodium 

Carbonate 

Na«COt 

Chlorides, phos- 
phates, sulphates, 
silicates. • • 

Use the powdered salt or 
dissolve in 5 parts water. 

Ammonium 

Sulphate 

(NH4)2S04 


Dissolve 1 part in 5 parts 
water. 

Ammonium 

Chloride 

NH 4 CI 

Fe. Purify the 
commercial salt 
by the adddition 
of ammonia; 
filter. Neutralize 
filtrate with HCl; 
concentrate and 
recrystallize. 

Dissolve 1 part in 5 parts 
water. 

AmTTinniiiTn 

Nitrate 

AmmoEMmo. 
Oxalatp . 

NH4NOS 

(NH4)2C204 

Purify by re- 
crystallizatlon. 

Saturated solution. 

Dissolve 1 part in 20 parts 
water. 

Ammonium, 

Carbonate 

<NH4)2C05 

Pb, Fe, sul- 
phates, chlorides. 

Dissolve 1 part in 4 parts 
water, and add 1 part am- 
monia, specific gravity .880. 

Ammonium 

Molybdate 



Dissolve the salt in strong 
ammonia, decant the clear 
solution slowly into strong 
nitric acid, stirring thor- 
oughly till the precipitate 
reaissolves. 

ATTiTnoniiiTn 

Sulphide 

(NH4)2S 


Saturate 3 parts am- 
monia with H 2 S; then add 
2 parts ammonia. 

Ammonium 

Poly-flulphide 

(NH 4 )aS. 


Prepared by dissolving 
sulphur in ammonium sul- 
phme. 

Potaadum 

^jldiate 

K,S04 


Dissolve 1 part in 10 
parts water. 

Potassium Iodide 

KI 

Xodate, carbon- 
ate. 

Dissolve 1 part in SO 
parts water. 


TABLE 1— CoirftJiMct/ 
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Table 1 — Reagents — Continued 


Name 

Potassium 

Chromate 

Potassium 

Bichromate 

Potassium 

Fenicyanide 


Potassium 

Ferrocyanide 


Barium 

Chloride 


Barium 

Nitrate 

Barium 

Carbonate 


Calcium 

Chloride 

Calcium 

Sulphate 


Magnesium 


Ferrous Sulphate 

Ferric Chloride 

Cobaltous 

Nitrate 

Cupric Sulphate 


Mercuric 

Chloride 

Mercurous 

Nitrate 


Platinic Chloride 


Argentic Nitrate 


Stannous 

Chloride 


Symbol Impurities Strength of Solution, etc. 

K 2 Cr 04 Sulphates Dissolve 1 part in 10 

parts water. 

K 2 Cr 207 Dissolve 1 part in 10 

parts water. 

K 3 Fe(CN)e Dissolve 1 part in 12 

parts water. Better to pre- 
pare solution when required. 

K 4 Fe(CN)« Dissolve 1 part in 12 

parts water, or, for glucose 
work, 1 part in 50 parts 
water. 

BaCl 2 Purify the com- Dissolve 1 part in 10 

mercial salt by parts water, 
passing H2S 
through it and 
crystallizing. 

Ba(N 08)2 Dissolve 1 part in 15 


BaCOs 

CaCl 2 Fe 

CaS 04 

MgS04 

FeS 04 

FeCU 

Co(N 08)2 Fe, Ni, etc. 

CUSO 4 Fe, Zn 

HgCl 2 

HgN08 

PtCU 

AgNOs 

SnCl 2 


parts water. 

Add water to the pow- 
dered carbonate and pre- 
serve in salt-mouthed bot- 
tle. 

Dissolve 1 part in 5 parts 
water. 

Dissolve as much of the 
salt as possible in water 
(in the cold), filter, and 
preserve the filtrate. 

Dissolve 1 part in 10 

parts water. 

Dissolve 1 part in 10 

parts cold water. 

Dissolve 1 part in 10 

parts water. 

Dissolve 1 part in 10 

parts water. 

For sugar work purify by 
repeated ciystallizations un- 
less very high purity salt 
is obtainable. For Fehl- 
ing solution see 442 . For 
ordinary work dissolve 1 
part in 10 parts water. 

Dissolve 1 part in 20 

parts water. 

Dissolve 1 part in 20 

parts water acidulated with 
1.2 part nitric acid. Filter 
into a bottle containing a 
little metallic mercury. 

Dissolve 1 part in 10 

parts water. 

Dissolve 1 part in 10 

parts water. 

Dissolve pure tin in 
strong HCl in the presence 
of platinum. Dilute with 
4 volumes dilute HCl. 
Keep granulated tin in the 
bottle. 
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TABLE 2 

Intjebnational Atomic Wbights (Partial List) for 1925 
On the Basis of Oxygen = 16 
(Jour. Am. Chem, Soc., Vol. 47 (1925), p. 597) 


Name 

Symbol 

W^eight 

Aluminum 

A1 

26.97 

Antimony 

Sb 

121-77 

Arsenic 

As 

74.96 

Barium 

Ba 

137.37 

Bismuth 

Bi 

209.00 

Boron 

B 

10.82 

Bromine 

Br 

79.916 

Cadmium 

Cd 

112.41 

Calcium 

Ca 

40.07 

Carbon 

C 

12.000 

Chlorine 

Cl 

35.457 

Chromium 

Cr* 

52.01 

Cobalt 

Co 

58.94 

Copper 

Cu 

63.57 

fluorine 

F 

19.00 

Gold 

Au 

197.2 

Hydrogen 

H 

1.008 

Iodine 

I 

126.932 

Iron 

Fe 

55.84 

Lead 

Pb 

207.20 


Name 


Weight 

Magnesium 

Mg 


Manganese 

Mn 


Mercury 

Hg 

200.61 

Molybdenum 

Mo 

96.0 

Nickel 

Ni 

58.69 

Nitrogen 

N 


Oxygen 

0 

16 

Phosphorus 

P 

31.027 

Platinum 

Pt 

195.23 

Potassium 

K 

39.096 

Eadium 

Ra 

225.95 

Selenium 

Se 

79.2 

Silicon 

Si 

28.06 

Silver 

Ag 

107.880 

Sodium 

Na 

22.997 

Strontium 

Sr 

87.63 

Sulphur 

S 

32.064 

Tin 

Sn 

118.70 

Uranium 

U 

238.17 

Zinc 

Zn 

65.38 


TABLE 3 


Equivalents of the United States Customary 
AND Metric Weights and Measures 


Miscellaneous Equivalents 


1 Avoirdupois pound 
1 Meter 
1 U. S. mile 
1 Ejlometer 
1 Acre 
1 Hectare 

1 U. S. liquid ounce 
1 U* S. apothecaries' dram 
1 U. S. dry quart 
1 U. S. bushel 
1 Long ton (2240 av. lbs.) 
1 Short ton (2000 av. lbs.) 
1 Metric ton 


453 . 5924277 grams 
39.37 inches (U. S. law of 1866) 
1 . 60935 kilometers 
0.62137 U. S. mile 
0.4047 hectare 
2.471 acres 

29.574 cubic centimeters 
3.6967 cubic centimeters 
1.1012 liters 
0.35239 hectoliter 
1016 . 05 kilograms 
907. 18 kilograms 
2204.62 avoidupois pounds 


♦ Prom "Tables of Equivalents,” 4th Ed., U. S. Bureau of Standards, 
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TABLE 4 
MeN’SUBATXON 

Paralleiogram: Area of any parallelogram = base x altitude; area of rhombus « 
product of two adjacent sides x sine of angle included between them. 

Trapezium: Area = (diagonal x sum of perpendicular let fall on it from opposite 
angles) 2 = Area of the two triangles into which it may be divided. 

Trapezoid: Area * half the sum of the two parallel sides x the perpendicular dis- 
tance between them. 

Any Quadrilateral: Divide the quadrilateral into two triangles and find the sum of 
the areas of these, or area * half the product of the two diagonals x the sine of 
the angle at their intersection. 

Triangle: Area « base X half the altitude half the product of two sides X the 
sine of the included angle » half the sum of the three sides minus each side severally; 
multiply this half sum and the three remainders together and extract the square 
root of the product. Area of an equilateral triangle » one fourth the square of 
one of its sides X 0.433013. 

Hypothenuse and one side of a right-angle triangle being given to find the other 
side: Required side = V^Hypothenuse^ — given side®; if the two sides are equal 
side - hypothenuse X 0.7071, 

Area given to find base: Base » 2 x area perpendicular height. 

Area given to find height: Height = 2 x area -s- base. 

Two sides and base given to find perpendicular height, both angles at base are 
acute: Base: sum of the sides:: difference of the sides : difference of the divisions 
of the base made by drawing the perpendicular. Half this difference added to or 
subtracted from half the base will give the divisions of it. 

Polygon: Area of irregular polygon; draw diagonals dividing the polygon into tri- 
angles and find the sum of the areas of these. 

Area of regular polygon: Area » (length of a side X perpendicular distance 
of aide to center x number of sides) -i- 2 = half the perimeter x perpendicular 
distance of side to center. 

Perpendicular to center == half of one side x cotangent of the angle subtended 
by half the side. 

Irregular Figure (Laboratory method) : Draw the figure on paper of uniform thickness 
and cut it out; compare the weight of this piece with that of a sheet of the paper 
of known area. 

Circle: Ratio of circumference to diameter = 3.1415929 (usually taken as 3.1416). 
This numb^er is usually represented by the Greek letter pi, r. 

Circumference = diameter X ir. 

Length of an arc: 360 : number of degrees of the arc :: circumference of the 
circle : length of the arc, or diameter of the circle x number of degrees in the 
arc X 0.0087266 = length of the arc. 

Area of a circle = square of the radius X ir " square of diameter x 0.7854. 

Areas of circles are to each other as the squares of their diameters. 

Ellipse: Area = product of the semi-axes x 3.1416 - product of the axes x 0.7854. 

Prism: Area = (perimeter of base X altitude) -I- areas of the two ends. 

Volume * area of base x altitude. 

Pyramid: Convex surface of a regular pyramid * perimeter of base X half the idant 
height. 

Volume » area of base x one third of altitude. 

Area of a frustum of a regular pyramid = Half the slant height X sum of the 
perimeters of the two bases ( — convex surface) area of the two bases. 

Volume of a frustum of a regular pyramid * sum of areas of the two bases 
and a mean proportional between them x one third of the altitude. (Mean pro- 
portional between two numbers square root of their product.) 
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Table 4 — MENSuRATiON~~Con^inwe(f 

Rectangular Prismoid (a solid bounded by six planes, of which two bases are rectangles, 
having corresponding sides parallel, and the four upright sides are trapezoids): 
Volume a= (sum of the areas of the bases + four times the area of a parallel section 
equidistant from the bases) X one sixth of the altitude. 

Cylinder: Area of convex surface - circumference of base x altitude. Convex 
surface + the two end areas - total area. 

Volume of a cylinder = area of base x altitude. 

Cone: Total area = circumference of base x half slant height ( = convex surface) + 
area of the base. 

Volume of a cone = area of base x one third of altitude. 

Frustum of a cone: Area = (half the side x sum of the circumference of the 
two bases) 4- area of the two bases. 

Volume of frustum of a cone = (area of two bases + a mean proportional 
between them x one third of the altitude). {See Volume of a frustum of a pyramid 
relative to a mean proportional.) 

Parabola: Area =* base x I altitude. 

Sphere: Surface = diameter x circumference of its great circle = square of diameter 
X 3.1416 convex surface of its circumscribing cylinder. 

Surfaces of spheres are to each other as the squares of their diameters. 

Volume of a sphere = surface x one third of the radius = cube of the diameter 
X 0.5236. 

Volumes of spheres are to each other as the cubes of their diameters. 

Cask: Volume of a cask in XJ. S. gallons *= (39 x square of bung diameter + 25 X 
square of head diameter + 26 x the product of the diameters) x length -i- 26,470. 

Molasses Tanks, Crystallizers : See Table 7, 
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TABliE 5 

CiBCUlAFEBSNCES AN3> AsEAS OF CiBCXiBS 


Circum- 

ference* 

Inches 

Area, 

Square 

Inches 

.39270 

.78540 

1.1781 

1.5708 

1.9635 

2.3562 

2.7489 

.012272 

.049087 

.110447 

.19635 

.306796 

.441787 

.601322 

3.1416 

3.5343 

3.9270 

4.3197 

.7854 

.99402 

1.2272 

1 .4849 

4.7124 

5.1051 

5.4978 

5.8905 

1.7671 

2.0739 

2.4053 

2.7612 

6.2832 

6.6759 

7.0686 

7.4613 

3.1416 

3.5466 

3.9761 

4.4301 

7.8540 

8.2467 

8.6394 

9.0321 

4.9087 

5.4119 

5.9396 

6.4918 

9.4248 

9.8175 

10.210 

10.603 

7.0686 

7.6699 

8.2958 

8.9462 

10.996 

11.388 

11.781 

12.174 

9.6211 

10.3206 

11.0447 

11.7933 

12.566 

12.959 

13.352 

13.744 

12.5664 

13.3641 

14.1863 

15.033 

14.137 

14.530 

14.923 

15.315 

15.9043 

16.8002 

17.7206 

18.6655 

15.T08 

16.101 

16.493 

16.886 

19.635 

20.629 

21.6476 

22.6907 

17.279 
17.671 1 

18.064 
18.457 

23.7583 

24.8505 

25.9673 

27.1086 

18.850 

19.242 

19.635 

20.028 

28.2744 

29.4648 

30.6797 

31.9191 

20.420 

20.813 

21.206 

21.598 

33.1831 

34.4717 

35.7848 

37.1224 



38.4846 

39.8713 

41.2826 

42.7184 

44.1787 

45.6636 

47.1731 

48.7071 


50.2656 

51.8487 

53.4563 

55.0884 

56.7451 

58.4264 

60.1322 

61.8625 


63.6174 

65.3968 

67.2008 

69.0293 

70.8823 

72.7599 

74.6621 

76.5888 


80.5158 

82.5161 

84.5409 

86.5903 

88.6643 

90.7628 

92.8858 


95.0334 

97.2055 

99.4022 

101.6234 

103.8691 

106.1394 

108.4343 


110.7537 


113.098 

115.466 

117.859 

120.277 

122.719 

125.185 

127.677 

130.192 



Circuin< 

ference, 

Inches 



132.733 

135.297 

137.887 

140.501 

143.139 

145.802 

148.49 

151.202 


153.938 

156.7 

159.485 

162.296 

165.13 

167.99 

170.874 

173.782 

176.715 

179.673 

182.655 

185.661 

188.692 

191.748 

194.828 

197.933 


201.062 

204.216 

207.395 

210.598 

213.825 

217.077 

220.354 

223.655 


226.981 

230.331 

233.706 

237.105 

240.529 

243.977 

247.45 

250.948 


254.47 

258.016 

261.587 

265.183 

268.803 

272.448 

276.117 

279.811 

283.529 

287.272 

291.04 









m TABLE 6 

TABLE 8 

TJBMPBHATUHB CONVBB&ION TaBUES 
By Albert Sauvbub 


(Courtesy of Chem. and Met. Eng.) 




0 to 

100 



100 to 1000 

c . 


F. 

C . 


F. 

C . 


F. 

C . 


P . 

- 17.8 

0 

32 

10.0 

50 

122.0 

38 

100 

212 

260 

500 

mm 

- 17.2 

1 

33.8 

10.6 

51 

123.8 

43 

110 

230 

266 

610 

950 

-16. r 

2 

35.6 

11.1 

59 

125.6 

49 

180 

248 

271 

620 

968 

- 10.1 

3 

87.4 

11.7 

58 

127.4 

54 

180 

266 

277 

630 

986 

- 15,6 

4 

39.2 

12.2 

54 

129.2 

60 

140 

284 

282 

640 

1004 

- 15.0 

6 

41.0 

12.8 

55 

131.0 

66 

150 


288 

550 

1022 

- 14.4 

6 

42.8 

13.3 

56 

132.8 

71 

160 

320 

293 

560 

1040 

- 13.9 

7 

44.6 

13.9 

57 

134.6 

77 

170 

338 

299 

570 

1058 

- 13.3 

8 

46.4 

14.4 

58 

136.4 

82 

180 

356 

304 

680 

1076 

- 12.8 

9 

48.2 

15.0 

59 

138.2 

88 

190 

374 

310 

690 

1094 

- 12.2 

10 

50.0 

15.6 

60 

140.0 

93 

800 

392 

316 

600 

1112 

- 11.7 

11 

51.8 

16.1 

61 

141.8 

99 

810 

410 

. 321 

610 

1130 

- 11.1 

12 

53.6 

16.7 

62 

143.6 

100 

218 

413 

327 

620 

1148 

- 10.6 

18 

55.4 

17.2 

63 

145.4 

104 

220 

428 

332 

680 

1166 

- 10.0 

14 

57.2 

17.8 

64 

147.2 

110 

280 

446 

338 

640 

1184 

- 9.44 

15 

59.0 

18.3 

65 

149.0 

116 

240 

464 

343 

650 


- 8.89 

16 

60.8 

18.9 

66 

150.8 

121 

250 

482 

349 

660 

1220 

- 8,33 

17 

62.6 

19.4 

67 

152.6 

127 

260 


354 

670 

1238 

- 7,78 

18 

64.4 

20.0 

68 

154.4 

132 

270 

518 

360 

680 

1256 

- 7.22 

19 

66.2 

20.6 

69 

156.2 

138 

980 

536 

366 

690 

1274 

- 6,07 

20 

68.0 

21.1 

70 

158.0 

143 

290 

554 

371 

700 

1292 

- 6.11 

21 

69.8 

21.7 

71 

159.8 

149 

300 

572 

377 

710 

1310 

- 5.56 

22 

71.6 

22.2 

72 

161.6 

154 

310 

590 

382 

720 

1328 

- 5.00 

28 

73.4 

22.8 

78 

163.4 

160 

820 

608 

388 

730 

1346 

- 4.44 

24 

75.2 

23.3 

74 

165.2 

166 

830 

626 

393 

740 

1364 

- 3.89 

25 

77.0 

23.9 

76 

167.0 

171 

840 

644 

399 

750 

1382 

- 3.33 

26 

78.8 

24.4 

76 

168.8 

177 

850 

662 

404 

760 


- 2.78 

27 

80.6 

25.0 

77 

170.6 

182 

360 

680 

410 

770 

1418 

- 2.22 

28 

82.4 

25.6 

78 

172.4 

188 

370 

698 

416 

780 

1436 

- 1.67 

29 

84.2 

26.1 

79 

174.2 

193 

380 

716 

421 

790 

1454 

- 1.11 

80 

86.0 

26.7 

80 

176.0 

199 

890 

734 

427 

800 

1472 

- 0.56 

81 

87.8 

27.2 

81 

177.8 

204 

400 

752 

432 

810 

1490 

0 

32 

89.6 

27.8 

82 

179.6 

210 

410 

770 

438 

820 

1508 

0.56 

88 

91.4 

28.3 

88 

181.4 

216 

420 

788 

443 

830 

1526 

1.11 

34 

93.2 

28.9 

84 

183.2 

221 

480 

806 

449 

840 

1544 

1.67 

35 

95.0 

29.4 

86 

185.0 

227 

440 

824 

454 

850 

1562 

2.22 

86 

96.8 

30.0 

66 

186.8 

232 

450 

842 

460 

860 

1580 

2.78 

37 

98.6 

30.6 

87 

188.6 

238 

460 

860 

466 

870 

1598 

3.33 

38 

100.4 

31.1 

68 

190.4 

243 

470 

878 

471 

880 

1616 

3.89 

39 

102.2 

31.7 

69 

192.2 

249 

480 

896 

477 

890 

1634 

4.44 

40 104.0 

32.2 

90 

194.0 

254 

490 

914 

482 

900 

1652 

5.00 

41 

105.8 

32.8 

91 

195.8 




488 

910 

1670 

5.56 

42 107.8 

33.3 

92 

197,6 




493 

920 

1688 

6.11 

43 109.4 

33.9 

98 

199.4 




499 

930 

1706 

6.67 

44 111.2 

34.4 

94 

201.2 




504 

940 

1724 

7.22 

45 

113.0 

35.0 

95 

203.0 




510 

950 

1742 

7.78 

46 114.8 j 

35.6 

96 

204.8 




516 

960 

1760 

8.33 

47 

116.6 1 

36.1 

97 

206.6 




521 

970 

1778 

8.89 

48 118.4 

36.7 

98 

208.4 




527 

980 

1796 

9.44 

49 120.2 

37.2 

99 

210.2 




532 

990 

1814 




37.8 

100 

212.0 




538 

1000 



Note.— T he numbers in bold face type refer to the temperature either in degrees 
Centigrade or Fahrenheit which it is desired to convert into the other scale. If 
converting from degrees Fahrenheit to degrees Centigrade the equivalent temperature 
be found in the left column, while If converting from degrees Centigrade to degrees 
Pahrenheit, the answer will be found in the column on the right. 
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- TABLE 7 

Fob the Calculation op the Wantage (Empty Space) in Hobizontal Ctlin- 
OBiCAL Tanks (Tank Cabs, Cbystallizebs, btcOi in U. Gallons and Cubic 
Feet 

(Let W * wantage; Z) » diameter of tank; T « depth of empty space ("inches 
out’*); L ■* mean length of tank; F « area of segment, W « (D® x F X L)+ 231, 
wantage in U. S. gallons, or dividing by 1728 gives wantage in cubic feet. All 
dimensions are in inches.) See page 368. 


I-i-D 

F 

I-i-D 

F 


F 

I-s-B 

F 

I-i-D 

F 

.001 

.00004 

.051 

.01512 

.101 

.04148 

.151 

.07459 

.201 

.11262 

.002 

.00012 

.052 

.01556 

.102 

.04208 

.152 

.07531 

.202 

.11343 

.003 


.053 

.01601 

.103 

.04269 

.153 


.203 

.1X423 

.004 


.054 

.01646 

.104 

.04310 

.154 

.07675 

.204 

.11503 

.005 

mllUm 

.055 

.01691 

.105 

.04391 

.155 

.07747 

.205 

.11584 

.006 

.00062 

.056 

.01737 

.106 

.04452 

.156 

.07820 

.206 

.11665 

.007 

.00078 

.057 

.01788 

.107 

.04514 

.157 

.07892 

.207 

.11746 

.008 

.00095 

.058 

.01830 

.108 

.04575 

.158 

.07965 

.208 

.11827 

.009 

.00113 

.059 

.01877 

.109 

.04638 

.159 

.08038 

.209 

.11908 

.010 

.00133 

.060 

.01924 

.110 

.04700 

.160 

.08111 

■.210 

.11990 

-Oil 

.00153 

.061 

.01972 

.111 

.04763 

.161 

.08185 

.211 

.12071 

.012 

.00175 

.062 

.02020 

.112 

.04826 

.162 

.08258 

.212 

.12153 

.013 

.00197 

.063 

.02068 

.113 

.04889 

.163 


.213 

.12235 

.014 

.00220 

.064 

.02117 

.114 

.04953 

.164 


.214 

.12317 

.015 

.00244 


.02165 

.115 

.05016 

.165 

.08480 

.215 

.12394 

.016 

.00268 

.066 

.02215 

.116 

.05080 

.166 

.08554 

.216 

.12481 

.017 

.00294 

.067 

.02265 

.117 

.05145 

.167 

.08629 

.217 

.12563 

.018 

.00320 

.068 

.02315 

.118 

.05209 

.168 


.218 

.12646 

.019 

.00347 

.069 

.02336 

.119 

.05274 

.169 


.219 

.12728 

.020 

.00375 

.070 

.02417 

.120 

.05338 

.170 

.08853 

.220 

.12811 

.021 

.00403 

.071 

.02468 

.121 

.05404 

.171 

.08929 

.221 

.12894 

.022 


.072 

.02519 

.122 

.05469 

.172 


.222 

.12977 

.023 

.00462 

.073 

.02571 

.123 

.05534 

.173 

.09080 

.223 

.13060 

,024 


.074 

.02624 

.124 

.05600 

.174 

.09155 

.224 

.13144 

.025 


.075 

.02676 

.125 

.05666 

.175 

.09231 

.225 

.13227 

.026 

. 00555 

.076 

.02729 

;126 

.05733 

.176 

.09307 

.226 

.13311 

.027 

.00587 

.077 

.02782 

.127 

.05799 

.177 

.09384 

.227 

.13394 

.028 

.00619 

.078 

.02835 

.128 

.05866 

.178 

.09460 

.228 

.13478 

.029 

.00653 

.079 

.02889 

.129 

.05933 


.09537 

.229 

.13562 

.030 

.00686 

.080 

Bli ! 'Ul 

.130 

.06000 

.180 

.09613 

.230 

.13646 

.031 

. 00721 

.081 


.131 

.06067 

.181 

.09690 

.231 

.13731 

.032 

.00756 

.082 

Wi ^ 1 f S 

.132 

.06135 

.182 

.09767 

.232 

.13815 

.033 

.00791 

.083 

.03107 

.133 

.06203 

.183 

.09845 

.233 

.13900 

.034 

.00827 


.03162 

KEIl 

.06271 

.184 

.09922 

.234 

.13984 

.035 

.00864 

.085 

.03218 


.06339 

.185 

HsMI 

.235 

.14069 

.036 

.00901 

.086 

.03274 

.136 

.06407 

.186 

. 10077 

.236 

.14154 

.037 

.00938 


.03330 

.137 

.06476 

.187 

. 10155 

.237 

.14239 

.038 

.00976 

■nKtS 

.03387 

.138 

.06545 

.188 


.238 

.14324 

.039 

.01015 

.089 

.03444 

.139 

.066X4 

.189 

Kh 3 

.239 

.14409 

.040 

.01054 

HUS 

.03501 

.140 

.06683 

.190 

Mliim 

.240 

.14494 

.041 

.01093 

.091 

.03558 

.141 

.06753 

.191 

.10468 

.241 

.14580 

.042 

.01133 

.092 

.03616 

.142 

.06822 

.192 

.10547 

.242 

.14665 

.043 

.01173 


.03674 

.143 

.06892 

.193 

. 10626 

.243 

.14751 

.044 

.01214 

.094 

.03732 

.144 

.06962 

.194 

.10705 

.244 

.14837 

.045 

.01255 

.095 

.03790 

.145 


.195 

.10784 

.245 

.14923 

.046 

.01297 

.096 

.03849 

.146 

.07103 

.196 

.10864 

.246 

.15009 

.047 

.01339 

.097 

.03908 

.147 

.07174 

.197 

.10943 

.247 

.15095 

.048 

.01382 

.098 

.03968 

.148 

.07245 

.198 

.11023 

.248 

.15182 

.049 

.01425 


.04027 

.149 


.199 

.11102 

.249 

1 .15268 

.050 

.01468 


.04087 

.150 

.07387 

.200 

.11182 

.250 

.15356 
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TABLE *I-^ontinued 


Tablb 7 — Calculation qf Wantage in Cyundbical Tanks — Continued 


I-s-Z> 

m 


B 

I+Z) 

B 

r-4-D 

F 

I^D 

F 

.251 

.15441 

.301 

.19908 

.351 

.24593 

.401 

.29435 

.451 


.252 

.15528 

.302 

.20000 

.352 

.24689 

.402 

.29533 

.452 


.253 

.15615 

.303 

.20092 

.353 

.24784 

.403 

.29631 

.453 

.84677 

.254 

.15702 

.304 

.20184 

.354 

.24880 

.404 

.29729 

.454 

.34676 

.255 

.15789 

.305 

.20276 

.355 

.24976 

.405 

.29827 

.455 

.34776 

.256 

.15876 

.306 

.20368 

.356 

.25071 

.406 

.29925 

.456 

.34875 

.257 

.15964 

.307 

.20460 

.357 

.25167 

.407 

.30024 

.457 

.34975 

.258 

.16051 

.308 

.20553 

.358 

.25263 

.408 

.30122 

.458 

.35075 

.259 

.16139 

.309 

.20645 

.359 

.25359 

.409 

.30220 

.459 

.35174 

.260 

.16226 

.310 

.20738 

.360 

.25455 

.410 

.30319 

.460 

1 r 

.261 

.16314 

.311 

.20830 

.361 

.25551 

.411 

.30417 

.461 


.262 

.16402 

.312 

.20923 

.362 

.25647 

.412 

.30515 

.462 

1 

.263 

.16490 

.313 

.21015 

.363 

.25743 

.413 

.30614 

.463 

.85578 

.264 

.16578 

.314 

.21108 

.364 

.25830 

.414 

.30712 

.464 

,35673 

.265 

.16666 

.315 

.21201 

.365 

.25936 

.415 

.30811 

.465 

.35773 

.266 

.16755 

.316 

.21294 

.366 

.26032 

.416 

.30909 

.466 

.35872 

.267 

.16844 

.317 

.21387 

.367 

.26128 

.417 

.31108 

.467 

.35972 

.268 

.16931 

.318 

.21480 

.368 

.26225 

.418 

.3:107 

.468 

.36072 

.269 

.17020 

.319 

.21573 

.369 

.26321 

.419 

.31205 

.469 

.36172 

.270 

.17109 

.320 

.21667 

.370 

.26418 

.420 

.31304 

.470 

.36272 

.271 

.17197 

.321 

.21760 

.371 

.26514 

.421 

.31403 

.471 

.36371 

.272 

,17287 

.322 

.21853 

.372 

.26611 

.422 

.31502 

.472 

.36471 

.273 

.17376 

.323 

.21947 

.373 

.26708 

.423 

.31600 

.473 

.36571 

.274 

.17465 

.324 

.22040 

.374 

.26804 

.424 

.31699 

.474 

.36671 

.275 

.17554 

.325 

.22134 

,375 

.26001 

.425 

.31798 

.475 

.36771 

.276 

.17643 

.326 

.22228 

.376 

.26998 

.426 

.31897 

.476 

.36871 

.277 

.17733 

.327 

.22321 

.377 

.27095 

.427 

.31996 

.477 

.36971 

.278 

.17822 

.328 

.22415 

.378 

.27192 

.428 

.32095 

,478 

.37071 

.279 

.17912 

.329 

.22509 

.379 

.27289 

.429 

.32194 

.479 

.3717 

.280 

.18002 

.330 

.22603 

.380 

.27386 

.430 

.32293 

.480 

.3727 

281 

.18092 

.331 

.22697 

.381 

.27483 

.431 

.32391 

.481 

.3737 

.282 

.18182 

.332 

.22791 

.382 

.27580 

.432 

.32490 

.482 

.3747 

.283 

.18272 

.333 

.22886 

.383 

.27677 

.433 

.32590 

.483 

.3757 

.284 

.18361 

.334 

.22980 

.384 

.27775 

.434 

1 .32689 

.484 

,3767 

.285 

.18452 

.335 

.23074 

.385 

.27872* 

.435 

.32788 

.485 

.3777 

.286 

.18542 

.336 

.23169 

.386 

.27969 

.436 

.32887 

.486 

.3787 

,287 

.18633 

.337 

.23263 

.387 

.28067 

.437 

.32987 

.487 

.3797 

.288 

.18723 

.338 

.23358 

.388 

.28164 

.438 

.33086 

.488 

.3807 

.289 

.18814 

.339 

.23453 

.389 

.28262 

.439 

.33185 

.489 

.3817 

.290 

.18905 

.340 

.23547 

.390 

.28359 

.440 

.33284 

.490 

.3827 

.291 

.18995 

.341 

.23642 

.391 

.28457 

.441 

.33384 

.491 

.3837 

.292 1 

.19086 

.342 

.23737 

.392 

.28554 

.442 

.33483 

.492 

.3847 

.293 ! 

.19177 

.343 

.23832 

.393 

.28652 

.443 

.33582 

.493 

.3857 

.294 

.19268 

.344 

,23927 

.394 

.28750 

.444 

.33682 

.494 

,3867 

.295 

.19360 

.345 

.24022 

.395 

.28848 

.445 

.33781 

.495 

.3877 

.296 

.19451 

.346 

.24117 

.396 

.28945 

.446 

.33880 

.496 

.3887 

.297 

.19542 

.347 

.24212 

.397 

.29043 

.447 

.33980 

.497 

.3897 

.298 

.19634 

.348 

.24307 

.398 

.29141 

.448 

.34079 

.498 

.3907 

.299 

.19725 

.349 

.24403 

.399 

.29239 

.449 

.34179 

.499 

1 .3917 

.300 

.19817 

.350 

.24498 

.400 

.29337 

.450 

.34278 

.500 

.8927 
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TABLE 8 

Dbnsitt (IX Gbams pbb Millilxteb) op Watbb at Tbmfbbatubbs 
PROM 0® TO 102® C ♦ 


emperature. 
Degrees C. 

Density 

Temperature, 
Degrees C. 

Density 

Temperature, 
Degrees C. 

Density 

0 

0.99987 

35 

0.99406 

70 

0.97781 

1 

.99993 

36 

.99371 

71 

.97723 

2 

.99997 

37 

.99336 

72 

.97666 

3 

.99999 

38 

.99299 

73 

.97607 

4 

1.00000 

39 

.99262 

74 

.97548 

5 

.99999 

40 

.99224 

75 

.97489 

6 

.99997 

41 

.99186 

76 

.97428 

7 

.99993 

42 

.99147 

77 

.97388 

8 

.99988 

43 

.99107 

78 

.97307 

9 

.99981 

44 

.99066 

79 

.97245 

10 

.99973 

45 

.99024 

80 

.97183 

11 

.99963 

46 

.98982 

81 

.97120 

12 

.99952 

47 

.98940 

82 

.97057 

13 

.99940 

48 

.98896 

83 

.96994 

14 

.99927 

49 

.98852 

84 

.96930 

15 

.99913 

50 

.98807 

85 

.96865 

16 

.99897 

51 

.98762 

86 

.96800 

17 

.99880 

52 

.98715 

87 

.96734 

18 

.99862 

53 

.98669 

88 

.96668 

19 

.99843 

54 

.98621 

89 

.96601 

20 

.99823 

55 

.98573 

. 90 

.96534 

21 

.99802 

56 

.98524 

91 

.96467 

22 

.99780 

67 1 

.98478 

92 

.96399 

23 

.99756 

58 

.98425 

93 

.96330 

24 

.99732 

59 

.98375 

94 

.96261 

25 

.99707 

60 

.98324 

95 

.96192 

26 

.99681 

61 

.98272 

96 

.96122 

27 

.99654 

62 

.98220 

97 

.96051 

28 

.99626 

63 

.98167 

98 

.95981 

29 

.99597 

64 

.98113 1 

99 

.95909 

30 

.99567 

65 

.98059 

100 

.95838 

31 

.99537 

66 

.98005 

101 

.95765 

32 

.99505 

67 

.97950 

102 

.95693 

33 

.99473 

68 

.97894 



34 

.99440 

69 

.97838 



35 

.99406 

70 

.97781 




♦According to M. Thiesen, Wiss. Abh. der Pbysikalisch-Teclmischen Reicbsanstait, 


4, No. 1, 1904. 

From Circular No. 19, U. S. Bureau of Standards. 
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TkBUB 9 


TABLE 9 

Wbight of 1 CtTBic Poor awo 1 Gallon (IT, S. A. 231 Ctr. In.) of Water i 

Based on the water densities of P. Chappuis (Bureau International des Folds et 
Mesures, Travaux et Mfimoires, XIII; 1907) for 0® to 40® O. and of M. Thiesen 
(Wis. Abh. der Fhysikalisch-Technlschen ReichsanstiJt» 4, No. 1; 1904) for 41^ to 
100® C. The weights in air are for dry air at the same temperature as the water up 
to 40® C. and at a (corrected) barometric pressure of 760 mm. and against brass 
weights of 8.4 density at 0® C. Above 40® C. the temperature of the air is assumed to 
be 20® C. The volumetric computations are based on the relation that 1 liter =« 
1.000027 cubic decimeters, and 1 cubic decimeter 61.023378 cubic inches. 



Weight in Air 

Temperature ® C. 

1 Cubic Poot 

1 Gallon 


Grams 

Pounds 

Grams 

Pounds 

0 

28280.254 

62.3472 

3780.520 

8.33461 

1 

82.033 

.3511 

0.758 

.33613 

2 

83.321 

.3540 

0.930 

.33551 

3 

84.121 

.3557 

1.037 

.33575 

4 

84.458 

.3565 

1.082 

.33585 

6 

84.345 

.3562 

1.067 

.33682 

6 

83.784 

.3550 

0.992 

.33565 

7 

82.804 

.3528 

0.861 

.33536 

8 

81.413 

.3498 

0.675 

.33495 

9 

79.618 

.3458 

0.435 

.33442 

10 

77.441 

.3410 

0.144 

.33378 

11 

74.853 

.3353 

3779.798 

.33302 

12 

71.898 

.3288 

9.403 

.33215 

13 

68.584 

.3215 

8.960 

.33117 

14 

64.933 

.3134 

8.472 

.33009 

15 * 

60.946 

.3046 

7.939 

.32892 

16 t 

56.630 

.2951 

7.362 

.32765 

17 

51.985 

.2849 

6.741 

.32628 

18 

47,040 

.2740 

6.080 

.32482 

19 

41.766 

^ .2624 

5.375 

.32327 

20 

36.193 

.2501 

4.630 

.32162 

21 

30.321 

.2371 

3.845 

.31989 

22 

24.157 

.2235 

3.021 

.31808 

23 

17.694 

.2093 

2.157 

.31617 

24 

10.954 

.1944 

1.256 

.31419 

* 15g <60® P.) 

28258.580 

62.2994 

3777.623 

8.32820 

1 161 (62® P.) 

28253.57 

62.2884 

3776.953 

8.32670 , 


* Calculated by the XT. S, Bureau of Standards, Washington, January, 1916, 










TABLE) 9 — 




Table 9 — Weight op 1 Cubic Foot and 1 Gallon — CcTUinved 



Weight in Air 

Temperature ® C. 

1 Cubic Foot 

1 Gallon 

Grams 

Founds 

Grams 

Pounds 

25 

28203.930 

62.1789 

3770.317 

8.31212 

26 

28196.629 

.1629 

3769.341 

.30996 

27 

89.059 

.1462 

8.329 

.30773 

28 

81.234 

.1289 

7.283 

.30543 

29 

73.140 

.1111 

6.201 

.30304 

30 

64.799 

.0927 

5.086 

.30058 

31 

56.212 

.0737 

3.938 

.29806 

32 

47.377 

.0543 

2.757 

.29545 

33 

38.311 

.0343 

1.545 

.29278 

34 

29.005 

.0138 

0.301 

.29003 

35 

19.475 

61.9926 

3759.027 

.28723 

36 

09.735 

.9713 

7.725 

.28436 

37 

28099.771 

.9493 

6.393 

.28142 

.38 

89.596 

.9269 

5.033 

.27842 

39 

79.215 

.9040 

3.645 

.27536 

40 

68.645 

.8807 

2.232 

.27225 

41 

55.68 

.8520 

0.50 

.2684 

42 

44.62 

.828 

3749.02 

.2652 

43 

33.30 

.803 

7.51 

.2618 

44 

21.69 

.777 

5.96 

.2584 

45 

09.80 

.751 

4.36 

.2549 

46 

27997.90 

.725 

2.78 

.2514 

47 


.698 

1.18 

.2479 

48 

73.54 

.67i 

3739.52 

.2442 

49 

61.09 

.644 

7.85 

.2405 

60 

48.34 

.615 

6.15 

.2368 

51 

35.60 

.587 

4.45 

.2330 

52 

22.29 

.558 

2.67 

.2291 

53 

09.26 

.529 

0.93 

.2253 

54 

27895.66 

.499 

3729.11 

.2213 

65 

82.07 

.469 

7.29 

.2173 

56 

68.20 

.439 

5.44 

.2132 

57 

65.17 

.410 

3.70 

.2093 

58 

40.15 

.377 

1.69 

.2049 

59 

26.00 

.346 

3719.80 

.2007 

60 

11.55 

.314 

7.86 

.1965 

61 

27796.83 

.281 

5.90 

.1921 

62 


.249 

3.93 

.1878 

63 


.216 

1.92 

.1834 

64 


.182 

3709.88 

.1789 
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TABLE 9 — Continued 


Tabmd 9 — ^Wbioht of 1 Cubic Foot and 1 Gallon — Continued 


Temperature • 0. 

Weight in Air 

1 Cubic Foot 

1 Gallon 

Grams 

Pounds 

Grams 

Pounds 

65 

27736.50 

61.148 

3707.83 

8.1744 

66 

21.21 

.115 

5.79 

.1699 

67 

05.64 

.080 

3.70 

.1653 

68 

27689.79 

.046 

1.58 

.1606 

69 

73.91 

.010 

3699.46 

.1559 

70 

57.78 

80.975 

7.31 

.1512 

71 

41.35 

.939 

5.11 

.1463 

72 

25.21 

.903 

2.95 

.1416 

73 

08.50 

.866 

0.72 

.1366 

74 

27591.79 

.829 

3688.49 

.1317 

76 

76.08 

.793 

3686.25 

.1268 

76 

57.81 

.754 

3.94 

.1217 

77 

40.81 

.717 

1.67 

.1167 

78 

23.53 

.679 

3679.36 

.1116 

79 

05.97 j 

.640 

7.01 

.1064 

80 

27488.42 

.602 

4.67 

.1012 

81 

70.58 

.562 

2.28 

.0960 

82 

52.74 

.523 

3669.90 

.0907 

83 

34.90 

.484 

7.51 

.0855 

84 

16.77 

.444 

5.09 

.0801 

85 

27398.36 

.403 

2.63 

.0747 

86 

79.96 

/.362 

0.17 

.0693 

87 

61.26 

.321 

3657.67 

.0638 

88 

42.57 

.280 

5.17 

.0583 

89 

23.59 

.238 

2.63 

.0527 

90 

04.62 

.196 

0.10 

.0471 

92 

27285.65 

.154 

3647.56 

.041*5 

92 

66.38 

.112 

4.99 

.0358 

93 

46.85 

.069 

2.37 

,0301 

94 

27.31 

.026 

3639.76 

.0243 

95 

07.76 

59.983 

7.15 

.0185 

96 

27187.94 

.939 

4.50 

.0127 

97 

67.84 

.895 

1.81 

.0068 

98 

48.01 

.851 

3629.16 

.0009 

99 

27.62 

.806 

8.44 

7.9949 

100 

07.51 

.762 

3.75 

.9889 
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TABIiB 10 

Fob thb Calxbbation of Flasks to Tbub Cubic Centxmbtbbs at 20^ C.* 
Apparent Weight (in Grams) of Water in Air 
[This table gives the apparent weight for temperature between 15^ and 30^ C.» 
humidity 50 per cent, unreduced barometer reading 76 cm., of certain volumes of 
water weighed with brass weights. The table may be conveniently employed to 
determine definite volumes of water for calibrating instruments. The air is assumed 
to be at the same temperature as the water.) 


Temp. ® C. 

2000 ml. 

1000 ml. 

500 ml. 

400 ml. 

300 ml. 

250 ml. 

150 ml. 

15 

1996.11 

998.05 

499.03 

399.22 

299.42 

249.51 

149.71 

16 

1995.80 

997.90 

498.95 

399.16 

299.37 

249.43 

149.68 

17 

1995.48 

997.74 

498.87 

399.10 

299.32 

249.43 

149.66 

18 

1995.13 

997.56 

498.78 

399.03 

299.27 

249.39 

149.63 

19 

1994.76 

997.38 

498.69 

398.95 

299.21 

249.34 

149.61 

20 

1994.36 

997.18 

498.59 

398.87 

299.15 

249.30 

149.58 

21 

1993.95 

996.97 

498.49 

398.79 

299.09 

249.24 

149.55 

22 

1993.51 

996.76 

498.38 

398.70 

299.03 

249.19 

149.51 

23 

1993.06 

996.53 

498.26 

398.61 

298.96 

249.13 

149.48 

24 

1992.58 

996.29 

498.15 

398.52 

298.89 

249.07 

149.44 

25 

1992.09 

996.04 i 

498.02 

398.42 

298.81 

249,01 

149.41 

26 

1991.57 

995.79 

497.89 

398.31 

208.74 

248.95 ! 

149.37 

27 

1991.04 

995.52 

497.76 

398.21 

298.66 

248.88 

149.33 

28 

1990.49 

995.24 

497.62 

398.10 

298.57 

248.81 

149.29 

29 

1989.92 

994.96 

497.48 

397.98 

298.49 

248.74 

149.24 

30 

1989.33 

994.66 

497.33 

397.87 

298.40 

248.67 

149.20 


♦ From Circular No, 19, U. S. Bureau of Standards, April 1, 1914. 


TABLE lOA 


Showing the Volume op Suqak Solutions at Dippbkbnt Tempbbatubes. — (Gerlach.) 


Temp. « C. 

10 per cent 

20 per cent 

30 per cent 

40 per cent 

50 per cent 

0 

10000 

10000 

10000 

10000 

10000 

5 

10004.5 

10007 

10009 

10012 

10016 

10 

10012 

10016 

10021 

10026 

10032 

15 

10021 

10028 

10034 

10042 


20 

10033 

10041 

10049 

10058 

10069 

25 

10048 

10057 

10066 


10088 

30 

10064 

10074 

10084 


10110 

35 

10082 

10092 

10103 

10114 

10132 

40 

10101 

10112 

10124 

10136 


45 

10122 

10134 

10146 

10160 


50 

10145 

10156 

10170 

10184 


55 

10170 

10183 

10196 

10210 

10229 

60 

10197 

10209 

10222 

10235 

10253 

65 

10225 

10236 

10249 

10261 

10278 

70 

10255 

10265 

10277 

10287 

10306 

75 

10284 

10295 

10306 

10316 

10332 

80 

10316 ' 

10325 

10335 

10345 

10360 

85 

10347 

10355 

10365 

10375 

10388 

90 

10379 

10387 

10395 

10405 

10417 

95 

10411 

10418 

10425 

10435 

10445 

100 

10442 

10450 

10456 

10465 

10457 
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TABLE 11 


TABLE 11 

Tables op Cobbegtions pob Detbbminino the Tbub Capacities op Flasks 

FBOM THE WbIOHT OP WaTEH IN AlB * 

(Following data are assumed as approximating ordinary conditions: Observed 
barometric pressure = 76 cm.; relative humidity ■* SO per cent; coefficient of expan- 
sion of glass 0.000025 per degree C.) 

INDICATED CAPAGITT 50 ICL. 


Tenths of Degrees 


Temp. 

° C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.104 

0.104 

0.105 

0.106 

0.106 

0.107 

0.107 

0.108 

0.109 

0.109 

16 

.110 

.111 

.111 

.112 

.113 

.113 

.114 

.115 

.116 

.116 

17 

.117 

.118 

.118 

.119 

.120 

.121 

.121 

.122 

.123 

.124 

18 

.124 

.125 

.126 

.127 

.128 

.128 

.129 

.130 

.131 

.132 

19 

.132 

.133 

.134 

.135 

.136 

.137 

.137 

.138 

.139 

.140 

20 

.141 

.142 

.143 

.144 

.144 

.145 

.146 

.147 

.148 

.149 

21 

.150 

.151 

.152 

.153 

.154 

.155 

.156 

.157 

.158 

.159 

22 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

.169 

23 

.170 

.171 

.172 

.178 

.174 

.175 

.176 

.177 

.178 

.179 

24 

.180 

.182 

.183 

.184 

.185 

.186 

.187 

.188 

.189 

.190 

25 

.192 

.193 

.194 

.195 

.196 

.197 

.199 


.201 

.202 

26 

.203 

.204 

.206 

.207 

.208 

.209 

.210 

.212 

.213 

.214 

27 

.215 

.216 

.218 

.219 

.220 

.222 

.223 

.224 

.225 

.226 

28 

.228 

.229 

.230 

.232 

.233 

.234 

.236 

.237 

.238 

.240 

29 

.241 

.242 

.244 






1 



INDICATED CAPACITY 100 ML. 


Tenths of Degrees 


Temp. 

° O. 

B 

B 

2 

3 

B 

5 

6 

B 

8 

9 

15 

0.207 

0.208 

0.210 

0.211 

0.212 

0.213 

0.215 

0.216 

0.217 

0.219 

16 

.220 

.221 

.223 

.224 

.225 

.227 

.228 

.230 

.231 

.232 

17 

.234 

.235 

.237 

.238 

.240 

.241 

.243 

.244 

.246 

.247 

18 

.249 

.250 

.252 

.253 

.255 

.257 

.258 

.260 

.261 

.263 

19 

.265 

.266 

.268 

.270 


.273 

.276 

.277 

.278 

.280 

20 

.282 

.284 

.285 

.287 

.289 

.291 

.293 

.294 

.296 

.298 

21 

.300 

.302 

.304 

.306 

.308 

.310 

.311 

.314 

.315 

.317 

22 

.319 

.321 

.323 

.325 

.327 

.329 

.331 

.333 

.336 

.338 

23 

.340 

.342 

.344 

.346 

.348 

.350 


.354 

.357 

.359 

24 

.361 

.363 

.365 

.368 

.370 

.372 


.376 

.379 

.381 

25 

.383 

.386 

.388 

.390 

.392 

.395 


.399 

.402 

.404 

26 

.406 

.409 

.411 

.414 

.416 

.418 


.423 

.426 

.428 

27 

.431 

.433 

.436 

.438 

.440 

.443 

.446 


.451 

.453 

28 

29 

.456 

.482 

.458 

.484 

.461 

.487 

.463 

.466 

.469 

.471 


.476 

.479 


The tables of corrections give for each nominal capacity and observed temperature 
the amounts to be added to the apparent weight (in air against brass weights) of the 
water contained by the flask to give the capacity in True Cubic Centimeters at 20° C. 
Example: Apparent weight of water at 22.3° « 99.68; adding correction 0.325 - 
100.005, the actual capacity. 

♦ From Circular No. 19, U. S. Bureau of Standards, April 1, 1914. 
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TABLE 13 

For the Calibration of Flasks to Mohr’s Cubic Centimeters 

(This table has been calculated from the data given in U. S. Bureau of Standards 
Circular No. 19, April, 1914.) 


Temp. 

** C. 


Temp. 

*> C. 

Apparent 

Weight, 

Grams 

Temp. 

**C. 

Apparent 

Weight, 

Grams 

Temp. 

*»C. 

Apparent 

Weight, 

Grams 

15 

100.033 

19 

99.975 

24 

99.879 

29 

99.758 

16 

100.020 

20 

99.958 

25 

99.857 

30 

99.731 

17 

100.007 

21 

99.940 

26 

99.834 

31 

99.704 

17.5 

100.000 

22 

99.921 

27 

99.809 

32 

99.674 

18 

99.991 

23 


28 

99.784 

33 

99.644 


Mohr’s cubic centimeter or unit is the volume occupied by 1 gram of water as 
weighed with brass weights in the air at 17.5^ O. Flasks graduated to Mohr’s cubic 
centimeter should be used with the normal weight of 26.048 grams. This table is 
designed to obviate the necessity of making the check calibrations at 17.5** C. (See 
page 217.) 


TABLE 13 

Showing the Boiling-points op Sugar Solutions — (Flourbno, Freutzbl) 
Sucrose Solutions 


Per Cent 
Sucrose 

Boiling-point, 

** C, 

Per Cent 
Sucrose 

Boiling-point, 

*»C. 

Per Cent 
Sucrose 

Boiling-point. 
® C. 

10 

■Bai 

55 


75 

107.4 

20 


60 


80 

110.3 

30 


65 

103.9 

85 

114.5 

40 

101.1 


105.3 

90 

122.6 

50 

101.9 






Juice, Sirup and Molasses 


Degree 

Brix 

Boiling-point, ® C. 


Boiling-point, ® C* 

Juice and 
Sirup 

Molasses 

Juice and 
Sirup 

Molasses 

10 

100.2 

100.3 


102.8 

103.4 


100.2 • 

100.6 


103.5 

104.2 


100.8 

101.1 

65 

104.4 

. 106.3 

KB 

101.4 

101.7 

70 

105.8 



102.2 

. 102.7 

.75 ... 

- 
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TABLE 14 


TABLE 14 

Specific Gra.titeb» of Couvomt Aoibs and Alkalies. Aqueous Solutions 
(From Int. Critical Tables, 1928) 

Direct interpolation may be used for fractions of per cents 


Per Cent 
Material 

HCl 

HNOg 

H 2 SO 4 

HsP04 

NaOH 

KOH 

NHs 

by 








Weight 

20‘*/4‘* 

20*/4® 

20®/4® 

20V4® 

20V4® 

IS"/*’ 

20V4® 

1 

1.0032 

1.00364 

1.0051 

1.0038 

1.0095 

1.0083 

0.9969 

2 

1.0082 

1.00909 


1.0092 

1.0207 

1.0175 

0.9895 

3 


1.01457 

1.0184 


1.0318 

1.0267 


4 

1 .0181 

1.02008 

1.0250 

1.0200 

1.0428 


0.9811 

5 


1.02563 

1 . 0317 


1.0538 

1.0452 


6 

1.0279 

1.03122 

1.0385 

1.0309 

1.0648 

1.0544 

0.9730 

7 


1.0369 

1.0453 


1.0758 

1.0637 


8 

1.0376 

1.0427 

1.0522 

1.0420 

1.0869 

1.0730 

0.9651 

g 


1.0485 

1.0591 


1.0979 

1.0824 


10 

1.0474 

1.0543 

1.0661 

1.0532 

1.1089 

1.0918 

0.9675 

11 


1.0602 




1.1013 


12 

1.0574 

1.0661 

1.0802 

1.0647 

1.1309 

1.1108 

0.9S01 

13 


1.0721 

1.0874 



1 . 1203 


14 

1.0675 

1.0781 


1.0764 

1.1530 

1.1299 

0.9430 

15 


1.0842 

1 . 1020 



1.1396 


16 

1.0776 

1.0903 

1.1094 

1.0884 

1.1751 

1.1493 

0.9362 

17 


1.0964 

1.1168 



1.1590 


18 

1.0878 

1.1026 

1.1243 

1.1008 

1.1972 

1.1688 

0.9295 

19 


1 . 1088 

1.1318 



1.1786 


20 

1.0980 

1.1150 

1.1394 

1.1134 

1.2191 

1.1884 

0.9229 

21 


1 . 1213 

1 . 1471 



1.1984 


22 

1.1083 

1.1276 

1.1548 

1.1263 

1.2411 

1.2083 

0.9164 

23 


1 . 1340 

1.1626 



1.2184 


24 

1.1187 

1.1404 

1.1704 

1.1395 

1.2629 

1.2285 

0.9101 

25 


1 . 1469 

1.1783 



1.2387 


26 

1.1290 

1.1534 

1.1862 

1.1529 

1.2848 

1.2489 

0.9040 

27 


1.1600 

1.1942 



1.2592 


28 

1.1392 

1.1666 

1.2023 

1.1665 

1.3064 

1.2695 

0.8980 

29 


1.1733 

1.2104 



1.2800 


30 

1.1493 

1 1.1800 

1.2185 

1.1805 

1.3279 

1.2905 

0.8920 

31 


1 . 1867 

1.2267 





32 

1.1593 

! 1.1934 

1.2349 


1.3490 

1.3117 


33 


i 1.2002 

1.2432 



1.3224 


34 

1.1691 

1.2071 

1.2515 


1.3696 

1.3331 


35 


1.2140 

1.2599 

1.216 


1.3440 


36 

1.1789 

1.2205 

1.2684 

1.3900 

1.3549 


37 


1.2270 

1.2769 

■■■■■■■■ 


1.3659 


38 

1.1885 

I 1.2325 

1.2855 

HHHH 

1.4101 

1.3769 


39 


1.2399 

1.2941 



1 3879 


40 

1.1980 

1.2463 

1.3028 

1.254 

1.4300 

1.3991 


45 


1.2783 

1.3476 

1.293 


1.4558 


50 


1.3100 

1.3951 

1.355 

1.5253 


55 


1.3393 

1.4453 

1,379 




60 


1.3667 

1.4983 

1.426 




70 


1.4134 

1.6105 





30 


1.4521 

1.7272 





90 


1.4826 

1.8144 





100 


1.5217 

1.8305 
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TABLE 15 

Showino thb Amottnt of CaO in Milk of Limb of Vabious Densities at 16® C. 
(From Blatner*8 Table) 


Degree 

Brix 

Degree 

Baum6 

Weight 
of one 
Liter, 
Milk of 
Lime, 
Grams 

CaO 

per 

Liter, 

Grams 

Per 

Cent 

CaO 

Degree 

Brix 

Degree 

Baum6 

Weight 
of One 
Liter, 
Milk of 
Lime, 
Grams 

CaO 

per 

Liter. 

Grams 

Per 

Cent 

CaO 

1.8 

1 

1007 

7.5 

0.745 

29 

16 

1125 

159 

14.13 

3.6 

2 

1014 

16.5 

1.64 


17 

1134 

170 

15 

5.4 

3 


26 

2.54 

32.7 

18 

1142 

181 

15.85 

7.2 

4 

1029 

36 

3.5 

84.6 

19 

1152 

193 

16.75 

9 

5 

1037 

46 

4.43 

36.4 

20 

1162 

206 

17.72 

10.8 

6 

1045 

56 

5.36 

38.3 

21 

1171 

218 

18.61 

12.6 

7 

1052 

65 j 

6.18 

40.1 

22 

1180 

229 

19.4 

14.4 

8 

1060 

75 

7.08 

42 

23 

1190 

242 

20.34 

16.2 

9 

1067 

84 

7,87 

43.9 

24 


255 

21.25 

18 

10 

1075 

94 

8.74 

45.8 

25 

1210 

268 

22.15 

19.8 

11 

1083 

104 

9.6 

47.7 

26 

1220 

281 

23.03 

21.7 

12 

1091 

115 

10.54 

49.6 

27 

1231 

295 

23.96 

23.5 

13 

1100 

126 

11.45 

51.5 

28 

1241 

309 

24.9 

25.3 

14 

1108 

137 

12.35 

53.5 

29 

1252 

324 

25.87 

27.2 

15 

1116 

148 

13.26 

55.4 

30 

1263 

339 

26.84 


TABLE 16 


Showing Liters of Milk of Lime of Yabiotts Densities fob 1 Silo of CaO 

— (Mategczbk) 


Degree 

Brix 

Degree 

Baumg 

1 Kilo CaO 
per . . Liters 
Milk of 
Lime 

Degree 

Brix 

Degree 

Baum6 

1 Kilo CaO 
per . . Liters 
Milk of 
Lime 

18 

mam 

7.50 

38.3 

21 

4.28 

20 



40.2 

22 

4.16 

21.7 



42.0 

23 

4.05 

23.5 



43.9 

24 

3.95 

25.3 

14 

5.88 

45.8 

25 

3.87 

27.2 

15 

5.50 

47.7 

26 

3.81 

29 

16 

5.25 

49.6 

27 

3.75 

30.9 

17 

5.01 

51.6 

28 

3.70 

32.7 

18 


53.5 

29 

3.65 

34.6 

19 

4.68 

55.5 

30 

3.60 

36.5 

20 

4.42 
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TABLES 17, 18, AND 19 


TABLE 17 


Showing thb Fbbcbntagb of Lead Acetate in Sodctions of the Salt, of 
Different Densities, at 16® C. — (Gbrlach) 


Specific 

Gravity 

Per Cent of 
the Salt 

Specific 

Gravity 

Per Cent of 
the Salt 

Specific 

Gravity 

Per Cent of 
the Salt 

1.0127 

2 


20 

1.2768 

36 

1.0255 

4 

Bis 

22 

1.2966 

38 

1.0386 

6 

BtS 

24 

1.3163 

40 

1.0520 

8 

B^l 

26 

1.3376 

42 

1.0654 

10 

■Kl 

28 

1.3588 

44 

1.0796 

12 

WS^SM 

30 

1.3810 

46 

1.0939 

14 

B^S 

32 

1.4041 

48 

1.1084 

16 


34 

1.4271 

50 

1.1234 

18 

■bi 





TABLE 18 

Showing tee Solubility of Barium Oeide in Sugar Solutions 
(Pellet and Sender, La fabrication du sucre, 1, 186) 


Sucrose per 100 Cc. j 

Baryta (BaO) 
per 100 Cc, 

Baryta (BaO) 

Per Cent Sucrose 

2.5 

4.59 

18.3 

5 

5.46 

10.9 

7.5 

6.56 

8.7 

10 

7.96 

7.7 

12.5 

9.41 

7.6 

15 

10.00 

6.6 

20 

10.90 

5.4 

25 

12.90 

5.1 

30 

14.68 

4.9 


TABLE 19 

Showing the Solubility of Certain Sai/ts in Water in the Presence of Sucrose 


(Jacobsthal, ZeU, Biibenmckerind, 18, 649; taken from Sidersky’s TraiU d^ analyse 
des Matibres Sucrdes, p, 11) 


Solution containing 

5% 

Sucrose, 

Grams 

10% 

Sucrose, 

Grams 

15% 

Sucrose, 

Grams 

20% 

Sucrose, 

Grams 

26% 

Sucrose, 

Grams 

Calcium sulphate 

2.095 

1.946 

1.593 

1.539 

1.333 

Calcium carbonate. . . . . 

0.027 

0.036 


0.022 

0.008 

Calcium oxalate 

0.033 




0.001 

Calcium phosphate 

0.029 



0.018 


Cidcium citrate .... 

1.813 

1.578 

1.505 

1.454 

1.454 

Magnesium carbonate. . . 

0.317 

0.199 

0.194 

0.213 

0.284 
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TABLE 20 

Showing the Solubility op Sugab in Alcohol at 17.5® C. — (Otto Scbrefelb) 


{ZaiU f. Bijil)ensucker-Ind., 44, 970) 


Alcohol Per Cent by 
Weight 

Sucrose Per Cent 

Sucrose in Grains in 

100 Grams of the Mixture 
of Alcohol and Water 
Solution 

0 

66.20 

195.8 

6* 

64.25 

179.7 

10* 

62.20 

164.5 

16 

60.40 

152.5 

20* 

58.55 

141.2 

25 

56.20- 

128.3 

30 

54.05 

117.8 

35 

51.25 

105.3 

40 

47.75 

91.3 

45 

43.40 

76.6 

50 

38.55 

62.7 

55 

32.80 

48.8 

60 

26.70 

36.4 

65 

19.50 

24.2 

70 

12.25 

13.9 

75 

7.20 

7.7 

80 

4.05 

4.2 

85 

2.10 

2.1 

90 

0.95 

0.09 

95 

0.15 

0.01 

Absolute 

0.00 

0.00 


* Calculated. 


TABLE 21 

Showing the Solubility op Strontium Oxide in Sugar Solutions. — (Sidebssy) 


Per Cent 
Sucrose 

Strontia (SrO) 

Per Cent of the Solution 

Per Cent 
Sucrose 

Strontia (SrO) 

Per Cent of the Solution 

At 

3®C. 

At 

15® C. 

At 

24® C. 

At 

40® C. 


At 

16® C. 

At 

24® O. 

At 

40® C. 

1 

0.45 

0.65 

0.70 

1.68 

11 



2.01 

3.75 

2 

0.53 

iicn 

0.83 

1.89 

12 



2.14 

3.96 

3 

0.62 

0.84 

0.96 

2.09 

13 

1.47 

1.75 

2.28 

4.16 

4 

0.70 

0.93 

1.09 


14 

1.55 

1.84 

2.41 

4.37 

5 

0.79 

1.03 

1.22 

2.51 

15 

1.64 

1.94 

2.55 

4.58 

6 

0.87 

1.12 

1.35 

2.72 

16 

1.72 

2.03 

2.69 

4.79 

7 

0.96 

1.21 

1.48 

2.92 

17 

1.81 

2.12 

2.83 

4.99 

8 

1.04 

1.30 

1.61 

3.13 

18 

1.90 

2.21 

2.97 

5.20 

9 

1.13 

1.39 

1.74 

3.33 

19 

1.99 

2.30 

3.11 

5.41 

10 

1.21 



3.55 

20 

2.08 

2.39 

3.25 

5.61 
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TABLES 22, 23, AND 24 


TABLE 22 


Showing tbb SolubiIiITt op Sugar in 'Water. — (Hbrzpbld) 


Temp., 

®C. 

Sugar, 

Per Cent. 

Temp., 

®C. 

Sugar, 

Per Cent. 

Temp., 

®C. 

Sugar, 

Per Cent. 

0 

64.18 

35 

69.55 

70 

76.22 

5 

64.87 

40 

70.42 

75 

77.27 

10 

65.58 

45 

71.32 

80 

78.36 

.15 

66.53 

50 

72.25 

85 

79.46 

20 

67.09 

55 

73.20 

90 

80.61 

25 

67.89 

60 

74.18 

95 

81.77 

30 

68.80 

65 

75.88 

100 

82.97 


The solubility is decreased by presence of a small quantity of organic or inorganic 
sidts, but increased by a large quantity. 


TABLE 23 

Showing the Solubility op Liub in Solutions of Sugar 


Sugar in 100 
Parts Water 

Density of 
Sirup 

Density after 
Saturation 
with lime 

100 Parts of the Residue Dried at 
120° C. Contain: 

Lime 

Sugar 

40 

1.122 

mSSM 

21 

79 

35 

1.110 

BliH 

20.5 

79.5 

30 



20.1 

79.9 

25 

1.082 

1.128 

19.8 

80.2 

20 

1.068 

1.104 

18.8 

81.2 

15 

1.052 

1.080 

18.5 

81.5 

10 

1.036 

1.053 

18.1 

81.9 

5 

1.018 

1.026 

15.3 

84.7 


TABLE 24 

Showing thb Contraction of Inybrt Sugar on Dissolving in Water; also, the 
Contraction of Cane-sugar Solutions on Inversion 

(From ** Manuel Agenda,” Gallois and Dupont) 


Per Cent 
Sugar 

Volume 

Contraction 

Specific Gravity 

Cane-sugar 

Solution 

Invert-sugar 

Solution 

0 

l.OOODO 

0.00000 

1.0000 

1.0000 

5 

.99863 

0.00137 

1.0203 

1.0206 

10 

.99744 

0.00256 

1.0413 

1.0418 

15 

.99639 

0.00361 

1.0630 

1.0631 

20 

.99546 

0.00454 

1.0854 

1.0856 

25 

.99462 

0.00538 

1.1086 

1.1086 
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TABLE 25 

Showing thb Evapoha^tzon op Watbb in CoNCBNTBAi?ZNa Jxticb to Siscp.— 

(Spbncxb) 

(Percentages hj Weigbt). (See S91) 



Degree Bits of the Simp and the Evaporation in Percentage 
Terms of the Juice 
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TABLE 25 — Continued 


TABLE 25 — Continued 

Sfiowma Eyapobatioit of Watejb m Concbntbatin'g Juicb to Sikuf.- 

(Spbncxb) 


Bilz 

of 


Degree Briz of the Sirup and the Evaporation in Percentage 
Terms of the Juice 


Juice 

57.0 

57.5 

58.0 

58.5 

59.0 

59.5 

60.0 

60.5 

61.0 

61.5 

11.0 

80.7 

80.9 

81.0 

81.2 

81.4 

81.5 

81.7 

81.8 

82.0 

82.1 

.2 

80.3 

80.5 

80.7 

80.9 

81.1 

81.2 

81.4 

81.5 

81.7 

81.8 

.4 

80.0 

80.2 

80.4 

80.5 

80.7 

80.8 

81.0 

81.2 

81.3 

81.5 

.6 

79.6 

79.8 

80.1 

80.2 

80.3 

80.5 

80.7 

80.8 

81.0 

81.1 

.8 

79.3 

79.5 

79.7 

79.9 

80.0 

80.2 

80.3 

80.5 

80.7 

80.8 

12.0 

79.0 

79.2 

79.3 

79.5 

79.7 

79.9 

80.0 

80.2 

80.4 

80.5 

.2 

78.6 

78.8 

79.0 

79.1 

79.3 

79.5 

79.7 

79.9 

80.0 

80.1 

.4 

78.3 

78.5 

78.6 

78.8 

78.9 

79.2 

79.3 

79.5 

79.7 

79.8 

.6 

78.0 

78.2 

78.3 

78.5 

78.6 

78.8 

79.0 

79.2 

79.4 

79.5 

.8 

77.6 

77.8 

77.9 

78.1 

78.3 

78.5 

78.7 

78.8 

70.0 

79.2 

13.0 

77.2 

77.4 

77.6 

77.8 

78.0 

78.2 

78.3 

78.5 

78.7 

78.9 

.2 

76.8 

77.0 

77.2 

77.4 

77.6 

77.8 

78.0 

78.2 

78.4 

78.5 

.4 

76.4 

76.6 

76.9 

77.1 

77.3 

77.5 

77.7 

77.9 

78.0 

78.2 

.6 

76.0 

76.2 

76.5 

76.8 

77.0 

77.2 

77.3 

77.5 

77.5 

77.9 

.8 

75.7 

75.8 

76.2 

76.4 

76.6 

76.8 

77.0 

77.2 

77.4 

77,5 

14.0 

75.4 

75.6 

75.9 1 

76.1 

76.3 

76.5 

76.7 

76.9 

77.0 

77.2 

.2 

75.0 

75.2 

75.5 I 

75.7 1 

75.9 

76.1 

76.3 

76.5 

76.7 

76.9 

.4 

74.6 

74.8 

75.2 

75.4 

75.6 

75.8 

76.0 

76.2 

76.4 

76.6 

.6 

74.4 

74.6 

74.8 

75.0 

75.2 

75.5 

75.7 1 

75.9 

76.1 

76.3 

.8 

74.0 

74.2 

74.5 

74.7 

74.9 

75.1 

75.3 

75.7 

75.7 

75.9 

15.0 

73.7 

73.9 

74.2 

74.4 

74.6 

74.8 

75.0 

75.2 

76.4 

75.6 

.2 

73.2 

73.4 

73.8 

74.0 

74.2 

74.5 

74.7 

74.9 

75.1 

75.3 

.4 

72.9 

73.1 

73.5 

73.7 

73.9 

74.1 

74.3 

74.5 

74.8 

74.9 

.6 

72.5 

72.7 

73.1 

73.3 

73.5 

73.8 

74.0 

74.2 

74.4 

74.6 

.8 

72.1 

72.3 

72.8 

73,0 

73.2 

73.5 

73.7 

73.9 

74.1 

74.3 

16.0 

71.9 

72.1 

72.4 

72.6 

72,9 

73.1 

73.3 

73.6 

73.8 

74.0 

.2 

71.5 

71.7 

72.1 

72.3 

72.5 

72.8 

73.0 

73.2 

73.5 

73.6 

.4 

71.1 

71.3 

71.7 

72.0 

72.2 

72.4 

72.7 

72.9 

73.1 

73.3 

.6 

70.9 

71.1 

71.4 

71.6 

71.9 

72.1 

72.3 

72.5 

72.8 

73.0 

.8 

70,5 

70.8 

71.0 

71.3 

71.5 

71.8 

72.0 

72.2 

72.5 

72.7 

17.0 

70.2 

70.4 

70.7 

71.0 

71.2 

71.5 

71.7 

71.9 

72.1 

72.4 

.2 

69.8 

70.0 

70.3 

70.6 

70.8 

71.1 

71.3 

71.6 

71.8 

72.0 

.4 

69.5 

69.7 

70.0 

70.8 

70.5 

70.8 

71.0 

71.2 

71.5 

71.7 

.6 

69.0 

69.2 

69,7 

69.9 

70.2 

70.4 

70.7 

70.9 

71.1 

71.4 

.8 

68.7 

68.9 

69.3 

69.6 

69.8 

70.1 

70.3 

70.6 

70.8 

71.1 

18.0 

68.4 

68.7 

69.0 

69.2 

69.5 

69.8 

70.0 

1 

70.3 

70.5 

70.7 

.2 

68.0 

68.8 

68.6 

68.9 

69.1 

69.4 

69.7 

69.9 

70.1 

70.4 

. .4 

67,7 

68.0 

68.3 

68.5 

68.8 

69.1 

69.3 

69.6 

69.8 

70.1 

.6 

67.3 

67.6 

67.9 

68.2 

68.5 

68.7 

69.0 

69.2 

69.5 

69.8 

.8 

67.0 

67.3 

67.6 

1 67.9 

68.1 

68.4 

68.7 

68.9 

69.1 

69.4 

18.0 

66.7 

67.0 

67.2 

67.5 

67.8 

68.1 

68.3 

68.6 

68.8 

69.1 

.2 

66.3 

66.6 

66.9 

67.2 

67.5 

67.7 

68.0 

68.2 

68.5 

68.8 

.4 

66.0 

66.3 

66.5 

66.8 

67.1 

67.4 

67.7 

67.9 

68.2 

68.5 

.6 

65.6 

65.9 

66.2 

66.5 

66.8 

67.0 

67.3 

67.6 

67.8 

68.1 

.8 

65.3 

65.6 

65.9 

66.2 

66.4 

66.7 

67.0 

67.3 

67.5 

67.8 

20.0 

64.9 

65.2 

65.5 

65.8 

66.1 

66.4 

66.7 

67.0 

67.2 

67.5 

.2 

64.5 

64.8 

65.2 

65.5 

65.7 

66.0. 

66.3 

66.6 

66.9 

67.2 

.4 

64.2 

64.5 

84.8 

65.1 

65.4 

65.7 

66.0 

66.3 

66.6 

66.8 

.6 

63.9 

64.2 

64.5 

64.8 

65.1 

65.4 

66.7 

65.9 

66-2 

• 66.5 

.8 

63.5 

63.8 

64.1 

64.4 

64.7 

65.1 

65.3 

65.6 

65.9 

66.2 

21.0 

63.2 

63.5 

63.8 

64.1 

64.4 

64.7 

65.0 

65.3 

65.6 

65.8 















(Percentages by Volume). (See 891) 
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TABLE 27 — Continued 
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TABLE 28 


TABLE 28 


muv PiPDTirTIO'ff OP TSB WbIOHT OH VOLUMB OP A SpUP OP A Gh-BN DbOHBB 
^ bIix OR bS OP 64.3- Brix ob 30- BaumL-(Spencbr) 

(See Formula Sec. 891) 


Initial 

Density 


mi 


30- BaumC 


Initial 

Density 


Equivalent Sirup 
of 54.3- Brix or 
30- Baum4 



















TABLE 2Sr-Conlimied 




TABLE 2B—CofUin'U6d 


Table fob the Reduction op the Weight ob Volume of a Sirup, etc. 


Initial 

Density 

Equivalent Sirup 
of 54.3° Brix or 

30° Baumfi 

Initial 

Density 

Equivalent Sirup 
or 54,3° Brix or 

30° Baumfi 

m 

Degrrees 

Per Cents 

Per Cents 

D^ees 

Degrees 

Per Cents 

Per Cents 

H 

Bauin4 


by 

Volume 

Brix 




43.0 

23.95 

79.19 

75.29 

47.0 

26.1 

86.55 

83.76 

.1 

24.0 

79.37 

75.49 

.1 

26.2 

86.73 

83.97 

.2 

24.1 

79.55 

76.69 

.2 

26.2 

86.91 

84.18 

.3 

24.1 

79,74 

75.89 

.3 

26.3 


84.39 

.4 

24.2 

79.92 

76.10 

.4 

26.3 

87.29 

84.60 

.5 

24.2 

80.11 

76.31 

.5 

26.4 

87.47 

84.82 

.6 

24.3 

80.29 

76.62 

.6 

26.4 

87.65 

85.04 

.7 

24.3 

80.47 

76.73 

.7 

26.5 

87.83 

86.26 

.8 

24.4 

80.66 

76.95 

.8 

26.5 

88.02 

85.48 

.9 

24.4 

80. 8S 

77.17 

.9 

26.6 

88.21 

85.70 

44.0 

24.5 

81.03 

77.38 

48.0 

26.6 

88.39 

85.92 

.1 

24.55 

81.21 

77.59 

.1 

26.7 

88.57 

86.13 

.2 

24.6 

81.39 

77.80 

.2 

26.75 

88.75 

86.35 

.3 

24.65 

81.68 

78.01 

.3 

26.8 

88.94 

86.67 

.4 

24.7 

81.77 

78.22 

.4 

26.9 

89.13 

86.79 

.5 

24.8 

81.95 

78.43 

.5 

26.9 

89.31 

87.01 

.6 

24.8 

82.13 

78.64 

.6 

27.0 

89.49 

87.23 

.7 

24.9 

82.31 

78.85 

.7 

27.0 


87.45 

.8 

24.9 

82.60 

79.06 

.8 

27.1 

89.86 

87.67 

.9 

25.0 

82.69 

79.27 

.9 

27.1 


87.89 

4S.0 

25.0 

82.87 

79.49 

49.0 

27.2 

KSI 

88.11 

.1 

25.1 

83.05 

79.70 

.1 

27.2 


88.33 

.2 

25.1 

83.23 

79.91 

.2 

27.3 


•88.56 

.3 

25.2 

83.42 

80,12 

.3 

27.3 


88.77 

, .4 

25.2 

83.61 

80.33 

.4 

27.4 


88.99 

.6 

25.3 

83.79 

80.54 

.5 

27.4 

91.16 

89.21 

.6 

25.4 

83.97 

80.75 

.6 

27.5 

91.35 

89.43 

.7 

25.4 

84.15 

80.96 

.7 

27.6 

91.54 

89.65 

.8 

25.5 

84.34 

81,18 

.8 

27.6 

91.72 

89.87 

.9 

25.6 

84.53 

81.40 

.9 

27.7 


90.09 

46.0 

25.6 

84.71 

81.61 

50.0 

27.7 


90.31 

.1 

25.6 

84.89 

81.82 

.1 

27.8 

92.26 

90.53 

.2 

25.7 

85.07 

82.03 

.2 

27.8 

92.45 

90.75 

.3 

25.7 

85.26 

82.24 

.3 

27.9 

92.63 

90.97 

.4 

25.8 

85.45 

82.45 

.4 

27.9 

92.82 

91.19 

.5 

25.8 

85.63 

82.66 

.5 



91.41 

.6 

25.9 

85.81 

82.87 

.6 


93.19 

91.63 

.7 

25.95 

85.99 

83.09 

.7 

28.1 

93.37 

91.85 

.8 

26.0 

86.18 

83.31 

.8 

28.1 

93.55 

92.07 

.9 

26.1 

86.37 

83.53 

.9 

28.2 

93.73 

92.30 
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TABLE 2^C<mtinued 


TABLE 2S—C<mtintted 

Tabls fob thb Bbdxtction of thb Weight ob Volttmb of a Sibof» btc. 


Initial 

Density 

Equivalent Sirup 
of 54.3^ Briz or 
30^ Bauin6 

Initial 

Density 

Equivalent Sirup 
of 54.3® Brix or 
30® BaumO 

Degrees 

Brix 

Degrees 

Baum^ 

Per Cents 
We^ht 

Per Cents 
by 

Volume 

Degrees 

Brix 

Degrees 

BaumO 

Per Cents 
Wejht 

Per Cents 
by 

Volume 

61.0 

28.2 

93.92 

92.53 

66.0 

30.9 

103.13 

103.92 

.1 

28.3 

94.10 

92.75 

.1 

30.9 

103.31 

104.15 

.2 

28.36 

94.29 

92.97 

.2 

31.0 

103.49 

104.38 

.3 

28.4 

94.47 

93.19 

.3 

31.05 

103.68 

104.61 

.4 

28.5 

94.65 

93.41 

.4 

31.1 

103.86 

104.84 

.6 

28.5 

94.84 

93.63 

.5 

31.2 

104.05 

105.07 

.6 

28.6 

95.02 

93.85 

.6 

31.2 

104.23 

105.30 

.7 

28.6 

96.20 

94.07 

.7 

31.3 

104.41 

105.54 

.3 

28.7 

95.39 

94.30 

.8 

31.3 

104.60 

105.78 

.9 

28.7 

95.58 

94.53 

.9 

31.4 

104.78 

106.02 

52.0 

28.3 

95.76 

94.77 

67.0 

31.4 

104.97 

106.26 

.1 

28.8 

95.94 

94.99 

.1 

31.5 

105.15 

106.49 

.2 

28.9 

96.13 

95.21 

.2 

31.5 

105.34 

106.72 

.3 

28.9 

96.31 

95.43 

.3 

31.6 

105.62 

106.95 

.4 

29.0 

96.50 

95.65 

.4 

31.6 

105.70 

107.18 

.5 

29.0 

96.68 

95.87 

.5 

31.7 

105.89 

107.41 

.6 

29.1 

96.87 

96.09 

.6 

31.7 

106.07 

107.65, 

.7 

29.15 

97.05 

96.32 

.7 

31.8 

106.25 

107.89 

.8 

29.2 

97.23 

96.55 

.8 

31.8 

106.44 

108.13 

.9 

29.2 

97.42 

96.79 

.9 

31.9 

106.62 

108.37 

13.0 

29.3 

97.60 

97,02 

68.0 

31.9 

106.81 

108.61 

.1 

29.4 

97.79 

97.25 

.1 

32.0 

106.99 

108.84 

.2 

29.4 

97.98 

97.48 

.2 

32.0 

107.17 

109.08 

.3 

29.5 

98.16 

97.71 

.3 

32.1 

107.35 

109.32 

.4 

29.5 

98.34 

97.94 

.4 

32.15 

107.64 

109.56 

.6 

29.6 

98.52 

98.17 

.5 

32.2 

107.73 

109.80 

.6 

29.6 

98.70 

98.40 

.6 

32.3 

107.91 

110.04 

.7 

29.7 

98.89 

98.63 

.7 

32.3 

108.09 

110.28 

.8 

29.7 

99,07 

98.86 

.8 

32.4 

108.28 

110.52 

.9 

29.8 

99.26 

99.08 

.9 

32.4 

108.47 

110.76 

54.0 

29.8 

99.44 

99.30 

60.0 

32.5 

108.65 

■RRS 

.1 

29.9 

99.62 

99.53 

.1 

32.5 

108.83 

111:23 

.2 

29.9 

99.81 

99.76 

.2 

32.6 


111.47 

.8 

80.0 


100.00 

.3 

32.6 

109.20 

111.71 

.4 

30.05 1 

100.18 

100.22 

.4 

32.7 

109.38 

111.95 

.6 

30.1 

100.36 

100.45 

.5 

32.7 

109.56 

112.19 

.6 

30.2 

100.55 

100.68 

.6 

32.8 

109.76 

112.43 

.7 

30.2 

100.73 

100.91 

.7 

32.8 

109.93 

112.67 

.8 

30.3 

100.91 

101.14 

.8 

32.9 

110.12 

112.91 

.9 

30.3 

101.09 

101.37 

.9 

82.9 

110.30 

113.16 

55.0 

30.4 

101.28 

101.61 

60.0 

33.0 

110.49 

113.39 

.1 

30.4 

101.46 

101.84 

.1 

33.0 

110.68 

113.63 

.2 

30.5 

101.64 

102,07 

.2 

33.1 

110.86 

113.87 

.3 

30.5 

101.83 

102.30 

.3 

33.1 

111.04 

114.11 

•4 

30.6 

102.01 

102.53 

.4 

33.2 

111.23 

114.35 

.5 

30.6 

102.20 

102.76 

.5 

33.2 

111.41 

114.59 

.8 

30.7 

102.38 

102.99 

.6 

33.3 

111.60 

114.83 

-7 

80.7 

102.56 

103.22 

.7 

33.35 

111.78 

114.97 

.8 

30.8 

102.75 

103.45 

.8 

33.4 

111.96 

115.21 

.9 

30.8 

102.94 

103.68 

.9 

33.45 

112.14 

115.45 
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TABLE 29 

Sho-wiko Jl Co^abisok of the Dbobses Bbiz A2n> BauhiS, Am of xra SPBcmo 
Gbavitt of Suoab Solutions at 17 H® C. — (Stambceb)i 


Degree 

Brix 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Biix 

Degree 

BaumO 

(Cor- 

rected) 


Degree' 

Briz 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Cavity 

(Per 

(!2eat 

Sugar) 

(Per 

Cent 

Sugar) 

Specific 

Gravity 

(Per 

Cent 

Sugar) 

0.0 

0.0 

1.00000 

8.0 

1.7 

1.01173 

6.0 

3.4 

1.02373 

.1 

0.1 

1.00038 

.1 

1.8 

1.01213 

.1 

3.5 

1.02413 

.2 

0.1 

1.00077 

.2 

1.8 

1.01252 

.2 

3.5 

1.02454 

.3 

0.2 

1.00116 

.3 

1.9 

1.01292 

.3 

3.6 

1.02494 

.4 

0.2 

1.00155 

.4 

1.9 

1.01332 

.4 

3.6 

1.02535 

.5 

0.3 

1.00193 

.5 

2.0 

1.01371 

.5 

3.7 

1.02575 

.6 

0.3 

1.00232 

.6 

2.0 

1.01411 

.6 

3.7 

1.02616 

.7 

0.4 

1.00271 

.7 

2.1 

1.01451 

.7 

3.8 

1.02657 

.8 

0.45 

1.00310 

.8 

2.2 

1.01491 

.8 

3.9 

1.02694 

, 9 . 

0.5 

1.00349 

.9 

2.2 

1.01531 

.9 

3.9 

1.02738 

1.0 

0.6 

1.00388 

4.0 

2.3 

1.01570 

7.0 

4.0 

1.02779 

.1 

0.6 

1.00427 

.1 

2.3 

1.01610 

.1 

4.0 

1.02819 


0.7 

1.0G466 

.2 

2.4 

1.01650 

.2 

4.1 

1.02860 

.3 

0.7 

1.00505 

.3 

2.4 

1.01690 

.3 

4.1 

1.02901 

.4 

0.8 

1.00544 

.4 1 

2.5 

1.01730 

.4 

4.2 

1.02942 

.5 

0.85 

1.00583 

.5 

2.55 

1.01770 

.5 

4.25 

1.02983 

.6 

0.9 

1.00622 

.6 

2.6 

1.01810 

.6 

4.3 

1.03024 

,7 

1.0 

1.00662 

.7 

2.7 

1.01850 

.7 

4.4 

1.03064 

.8 

1.0 

1.00701 

.8 

2.7 

1.01890 

.8 

4.4 

1.03105 

.9 

1.1 

1.00740 

.9 

2.8 

1.01930 

.9 

4.5 

1.03146 

8.0 

1.1 

1.00779 

8.0 

2.8 

1.01070 

8.0 

4.5 

1.03187 

.1 

1.2 

1.00818 

.1 

2.9 

1.02010 

.1 

4.6 

1.03228 

.2 

1.2 

1.00858 

.2 

2.95 

1.02051 

.2 

4.6 

1.03270 

.3 

1.3 

1.00897 

.3 

3.0 

1.02091 

.3 

4.7 

1.03311 

.4 

1.4 

1.00936 

.4 

3.1 

1.02131 

.4 

4.8 

1.03352 


1.4 

1.00976 

.5 

3.1 

1.02171 

.5 

4.8 

1.03393 

.6 

1.5 

1.01015 

.6 

3.2 

1.02211 

.6 

4.9 

1.03434 

•7 

1.5 

1.01055 

.7 

3.2 

1.02252 

.7 

4.9 

1.03475 


1.6 

1.01094 

.8 

3.3 

1.02292 

.8 

5.0 

1.03517 

.9 ! 

1.6 

1.01134 

.9 

3.35 

1.02333 

.9 

5.0 

1.03558 


COBBBGTION FOB TbmPBBATUBB, BbIZ SpINDZE. (GbBLACH) 


Temp. 

«C. 

Temp, 
o F. 

Approximate Degree Brix and 
Correction 


0 

6 

10 

16 

13 

55.4 

,14 

.18 

.19 

.21 

Noth. — For temperatures 

14 

57.2 

.12 

.15 

,16 

.17 

2 above 17 C. add the cor- 

15 

59. 

.09 

.11 

.12 

.14 

M rection to the reading at the 

16 

60.8 

.06 

.07 

.08 

.09 

^ observed temperature: be- 

17 

62.6 

.02 

.02 

.03 

.03 

^ low 17 subtract. 

18 

64.4 

.02 

.03 

.03 

.03 ■ 


19 

66.2 

.06 

.08 

.08 

.09 


20 

68. 

.11 

.14 

.15 

.17 


21 

69.8 

.16 

.20 

.22 

.24 

j Obtain Baume corrections 

22 

71.6 

.21 

.26 

.29 

.31 

ftom the corresponding de- 

23 

73.4 

.27 

.32 

.35 

.37 

< gree Brix. 

24 

75.2 

.32 

.38 

.41 

.43 


25 

77. 

.37 

.44 

.47 

.49 



iThe degrees Baumg of this table are the so-called corrected or ^*new” degrees 


according to Gerlach (modulus 146.78) see Sec. 248 . 
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TABLE 29— 


TABLE 29 — Continued 

Ssowixf ct JL CoMPABisoir or the Dbobbbs Bbiz ani> BaxtmA Etc* I of Sttoab 

Solutions 


Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

Bauzn4 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Biiz 

(Per 

Cent 

Sugar) 

Degree 

Baumd 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

9.0 

5.1 

1.03599 

13.0 

6.8 

1.04852 

16.0 

8.5 

1.06133 

.1 

5.2 

1.03640 

.1 

6.8 

1.04894 

.1 

S . 5 

1.06176 

.2 

5.2 

1.03682 

.2 

6.9 

1.04937 

.2 

8.55 

1.06219 

.3 

5.3 

1.03723 

.3 

7.0 

1.04979 

.3 

8.6 

1.06262 

.4 

5.3 


.4 

7.0 

1.05021 

.4 

8.7 

1.06306 

.6 

5.4 


.5 

7.1 

1.05064 

.5 

8.8 

1.06349 

.6 

5.4 

InTnrM 

.6 

7.1 

1.05106 

.6 

8.8 

1.06392 

.7 

5.5 


.7 

7.2 

1.05149 

.7 

8.9 

1.06436 

.8 

5.55 


.8 

7.2 

1.05191 

.8 

8.9 

1.06479 

.9 

5.6 

1.03972 

.9 

7.3 

1.05233 

.9 

9.0 

1.06522 

10.0 

5.7 

1.04014 

13.0 

7.4 

1.05276 

16.0 

9.0 

1.06566 

.1 

5.7 

1.04055 

.1 

7.4 

1.05318 

.1 

9.1 

1.06609 

.2 

5.8 

1.04097 

.2 

7.5 

1.05361 

.2 

9.2 

1.06653 

.3 

5.8 

1.04139 

.3 

7.5 

1.05404 

.3 

9.2 

1 . 06696 

.4 

5.9 

1.04180 

.4 

7.6 

1.05446 

.4 

9.3 

1.06740 

.5 

5.9 

1 .04222 

.5 

7.6 

1.05489 

.5 

9.3 

1.06783 

.6 

6.0 

1.04264 

.6 

7.7 

1.05532 

.6 

9.4 

1.06827 

.7 

6.1 . 

1.04306 

.7 

7.75 

1.05574 

.7 

9.4 

1.06871 

.8 

6,1 

1.04348 

.8 

7.8 ! 

1.05617 

.8 

9.5 

1.06914 

.9 

6.2 

1.04390 

.9 

7.9 

1.05660 

.9 

9.5 

1.06958 

11.0 

6.2 

1.04431 

14.0 

7.9 

1.05703 

17.0 

9.6 

1,07002 

-.1. 

6.3 

1.04473 

.1 

8.0 

1.05746 

.1 

9.7 

1.07046 

.2 

6.3 

1.04515 

.2 

8.0 

1.05789 

.2 

9.7 

1.07090 

.3 

6.4 

1.04557 

.3 

S.X 

1.06831 

.3 

9.8 

1.07133 

.4 

6.5 

1.04599 

.4 

8.1 

1.05874 

.4 

9.8 

1.07177 

.5 

6.5 

1.04641 

.5 

8.2 

1.05917 

.5 

9.9 

1.07221 

.6 

6.6 

1.04683 

.6 

8.3 

1.06960 

.6 

9.9 

1.07265 

.7 

6.6 

1.04726 

,7 

8.3 

1.06003 

.7 

10.0 

1.07309 

.8 

6.7 

1 .04768 

.8 

8.4 

1.06047 

.8 

10.0 

1.07353 

.9 

6.7 

1.04810 

.9 

8.4 

1.06090 

.9 

10.1 

1.07397 


CossBcnoN FOB Tbmpebatube, Bbix Spindle. (GebIiAOh) 
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TABLE 29-^C<mtinued 

Showing jl Compabison op thb Dbgrebs Bbec and Badmb, btc. 


Degree 

Brix 

(Ber 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

18.0 

10.1 

1.07441 

23.0 

13.0 

1.09686 

28.0 

15.7 

1.12013 

.1 

10.2 

1.07485 

.1 

13.0 

1.09732 

.1 

15.8 

1.12060 

.2 

10.3 

1.07530 

.2 

13.1 

1.09777 

.2 

15.8 

1.12107 

.3 

10.3 

1.07574 

.3 

13.1 

1.09823 

.3 

15.9 

1.12155 

.4 

10.4 

1.07618 

.4 

13.2 

1.09869 

.4 

16.0 

1.12202 

.5 

10.4 

1.07662 

.5 

13.2 

1.09915 

,5 

16.0 

1.12250 

.6 

10.5 

1.07706 

.6 

13.3 

1.09961 

.6 

16.1 

1.12297 

.7 

10.5 

1.07761 

.7 

13.3 

1.10007 

.7 

16.1 

1.12345 

.8 

10-6 

1.07795 

.8 

13.4 

1.10053 

.8 

16.2 

1.12393 

.9 

10.6 

1.07839 

.9 

13.5 

1.10099 

.9 

16.2 

1,12440 

19.0 

10.7 

1.07884 

24.0 

13.5 

1.10145 

29.0 

16.3 

1.12488 

.1 

10.8 

1.07928 

.1 

13.6 

1.10191 

.1 

16.3 

1.12536 

.2 

10.8 

1.07973 

.2 

13.6 

1.10237 

.2 

16.4 

1.12583 

.3 

10.9 

1.08017 

.3 

13.7 

1.10283 

.3 

16.5 

1.12631 

.4 

10.9 

1.08062 

.4 

13.7 

1.10329 

.4 

16.5 

1 . 12679 

.5 

11.0 

1.08106 

.5 

13.8 

1.10375 

.5 

16.6 

1.12727 

.6 

11.1 

1.08151 

.6 

13.8 

1.10421 

.6 

16.6 

1.12775 

.7 

11.1 

1.08196 

.7 

13.9 

1.10468 

.7 

16.7 

1.12823 

.8 

11.2 

1.08240 

.8 

14.0 

1.10514 

.8- 

16.7 

1.12871 

.9 

11.2 

1.08285 

.9 

14.0 

1.10560 

.9 

16.8 

1.12919 

20.0 

11.3 

1.08329 

25.0 

14.1 

1.10607 

80.0 

16.8 

1.12967 

.1 

11.3 

1.08374 

.1 

14.1 

1.10653 

.1 

16.9 

1.13015 

.2 

11.4 

1.08419 

.2 

14.2 

1.10700 

.2 

16.95 

1.13063 

.3 

11.6 

1.08464 

.8 

14.2 

1.10746 

.3 

17.0 

1.13111 

.4 

11.6 

1.08509 

.4 

14.3 

1.10793 

.4 

17,1 

1.13159 

.5 

11.6 

1.08553 

.6 

14.3 

1.10839 

.5 

17.1 

1.13207 

.6 

11.6 

1.08599 

.6 

14.4 

1.10886 

.6 

17.2 

1.13255 

.7 

11.7 

1.08643 

.7 

14.6 

1.10932 

.7 

17.2 

1.13304 

.8 

11.7 

1.08688 

.8 

14.5 

1,10979 

.8 

17.3 

1.13352 

.9 

11.8 

1.08733 

.9 j 

14.6 

1.11026 

.9 

17.3 

1.13400 

21.0 

11.8 

1.08778 

26.0 

14.6 

1.11072 

31.0 

17.4 

1.13449 

.1 

11.9 

1.08824 

.1 

14.7 

1.11119 

.1 

17.4 

1.13497 

.2 

11.95 

1.08869 

.2 

14.7 

1.11166 

.2 

17.6 

1.13545 

.3 

12.0 

1.08914 

.3 

14.8 

1.11213 

.3 

17.6 

1.13594 

.4 

12.0 

1.08959 

.4 

14.85 

1.11259 

.4 

17.6 

1 . 13642 

.5 

12.1 

1.09004 

.5 

14.9 

1.11306 

.5 

17.7 

1.13691 

.6 

12.1 

1.09049 

.6 

16.0 

1.11363 

.6 

17.7 

1,13740 

.7 

12.2 

1.09095 

.7 

15.0 

1.11400 

.7 

17.8 

1 . 13788 

.8 

12.3 

1.09140 

.8 

15.1 

1.11447 

.8 

17.8 

1 . 13837 

.9 

12.3 

1.09185 

.9 

15.1 

1.11494 

.9 

17.9 

1.13885 

22.0 

12.4 

1.09231 

27.0 

15.2 

1.11641 

32.0 

17.95 

1 . 13934 

.1 

12.5 

1.09276 

.1 

15.2 

1.11588 

.1 

18.0 

1.13983 

.2 

12.5 

1.09321 

.2 

15.3 

1.11635 

.2 

18.0 

1.14032 

.3 

12.6 

1.09367 

.3 

15.3 

1.11682 

.3 

18.1 

1,14081 

.4 

12.6 

1.09412 

.4 

15,4 

1,11729 

.4 

18.2 

1 . 14129 

.5 

12.7 

1.09458 

.5 

15.5 

1.11776 

.5 

18.2 

1.14178 

.6 

12.7 

1.09503 

.6 

15.5 

1.11824 

.6 

18.3 

1.14227 

.7 

12.8 

1.09549 

.7 

15.6 

1.11871 

.7 

18.3 

1.14276 

.8 

12.85 

1.09695 

.8 

15.6 

1.11918 

.8 

18.4 

1.14325 

.9 

12.9 

1.09640 

.9 

15.7 

1.11965 1 

1 


18.4 

1.14374 
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TABLE 29—CarMnued 


TABLE 29 — ConUntied 

Sbowiko a CoMPAsiBoiT or sHx DxaBiiis Bbix and Bauux, who . 


Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

88.0 

18.5 

1.14423 

38.0 

21.2 

1.16920 

43.0 

23.95 

1.19505 

.1 

18.55 

1.14472 

.1 

21.3 

1.16971 

.1 

24.0 

1.19558 

.2 

18.6 

1.14521 

.2 

21.35 

1.17022 

.2 

24.1 

1.19611 

.3 

18.7 

1.14570 

.3 

21.4 

1.17072 

.3 

24.1 

1.19653 

A 

18.7 

1.14620 

.4 

21.5 

1.17123 

.4 

24.2 

1.19716 

.5 

18.8 

1.14669 

.5 

21.5 

1.17174 

.5 

24.2 

1.19769 

.6 

18.8 

1.14718 

.6 

21.6 

1.17225 

.6 

24.3 

1.19822 

.7 

18.9 

1.14767 

.7 

21.6 

1.17276 

.7 

24.3 

1.19875 

.8 

18.9 

1.14817 

.8 

21.7 

1.17327 

.8 

24.4 

1.19927 

.9 

19.0 

1.14886 

.9 

21.7 

1.17379 

.9 

24.4 

1.19980 

84.0 

19.05 

1.14915 


21.8 

1.17430 

44.0 

24.5 

1.20033 

.1 

19.1 

1.14965 

HbI 

21.8 

1.17481 

.1 

24.55 

1.20086 

.2 

19.2 

1.15014 


21.9 

1.17532 

.2 

24.6 

1.20139 

.3 

19.2 

1.15064 

.3 

21.9 

1.17583 

.3 

24.65 

1.20192 

.4 

19.3 

1.15113 

.4 

22.0 

1.17635 

.4 

24.7 

1.20245 

•5 

19.3 

1.15163 

.5 

22.05 

1.17686 

.5 

24.8 

1.20299 

.8 

19.4 

1.15213 

.6 

22.1 

1.17787 

.6 

24.8 

1.20352 

.7 

19.4 

1.15262 

.7 

22.2 

1.17789 

.7 

24.9 

1.20405 

.8 

19.5 

1.15312 

.8 

22.2 

1.17840 

.8 

24.9 

1.20458 

.9 

19.5 

1.16362 

.9 

22.3 

1.17892 

.9 

25.0 

1.20512 

85.0 

19.6 

1.15411 

40.0 

22.3 

1.17943 

46.0 

25.0 

1.20565 

.1 

19.65 

1.15461 

.1 

22.4 

1.17995 

.1 

25.1 

1.20618 

.2 

19.7 

1.15511 

.2 

22.4 

1.18046 

.2 

25.1 

1.20672 

.3 

19.8 

1.15561 

.3 

22.5 

1.18098 

.3 

25.2 

1.20725 

.4 

19,8 

1.15611 

.4 

22.5 

1.18150 

.4 

25.2 

1.20779 

.5 

19.9 

1.15661 

.5 

22,6 

1.18201 

.5 

25.3 

1.20832 

.6 

19.9 

1.15710 

.6 

22.6 

1.18253 

.6 

25.4 

1.20886 

.7 

20.0 

1.15760 

.7 

22.7 

1.18305 

.7 

25.4 

1.20939 

.8 

20.0 

1.15810 

.8 

22.8 

1.18357 

.8 

25.5 

1.20993 

.9 

20.1 

1.15861 

.9 

22.8 

1.18408 

.9 

25.5 

1.21046 

86.0 

20.1 

1.15911 

41.0 

22.9 

1.18460 

46.0 

25.6 

1.21100 

.1 

20.2 

1.15961 

.1 

22.9 

1.18512 

.1 

25.6 

1.21154 

.2 

20.25 

1.16011 

.2 

23.0 

1.18564 

.2 

25.7 

1.21208 

.3 

20.3 

1.16061 

.3 

23.0 

1.18616 

.3 

25.7 

1.21261 

.4 

20.4 

1.16111 

.4 

23.1 

1.18668 

.4 

25.8 

1.21315 

.5 

20.4 

1.16162 

,5 

23.1 

1.18720 

.5 ' 

25.8 

1.21369 

.6 

20.5 

1.16212 

.6 

23.2 

1.18772 

.6 

25.9 

1.21423 

.7 

20.5 

1.16262 

.7 

23.25 

1.18824 

.7 

25.95 

1.21477 

.8 

20.6 

1.16313 

.8 

23.3 

1.18877 

.8 

26.0 

1.21531 

.9 

20.6 

1.16363 

,9 

23.4 

1.18929 

.9 

26.1 

1.21585 

87.0 

20.7 

1.16413 

42.0 

23.4 

1.18981 

47.0 

26.1 

1.21639 

.1 

20.7 

1.16464 

.1 

23.5 

1.19033 

.1 

26.2 

1.21693 

.2 

20.8 

1.16514 

Am 

23.5 

1.19086 

.2 

26.2 

1.21747 

.3 

20.9 

1.16565 


23.6 

1.19138 

.3 

26.3 

1.21802 

.4 

20.9 

1.16616 


23.6 

1.19190 

.4 

26.3 

1.21856 

.5 

21.0 

1.16666 


23.7 

1.19243 

.5 

26.4 

1.21910 

.6 

21.0 

1.16717 


23.7 

1.19295 

.6 

26.4 

1.21964 

.7 

21.1 

1.16768 


23.8 

1.19348 

.7 

26.5 

1.22019 

.8 

21.1 

1.16818 


23.8 

1.19400 

.8 

26.5 

1.22073 

.9 

21.2 

1.16869 

mm 

23.9 

1.19453 

.9 

26.6 

1.22127 
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TABLE 29 — Continued 

SaOWZNG A COMPABISON OF TBB DbgBESS BbiX AKD BAXnci. STC. 


Degree 

Brix 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Degree 

Brix 

(Per 

Degree 

BauznO 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Cent 

Sugar) 

(Srayity 

Cent 

Sugar) 

Cent 

Sugar) 

Gravity 

48.0 

26.6 

1.22182 

53.0 

29.3 

1.24951 

68.0 

31.9 

1.27816 

.1 

26.7 

1.22236 

.1 

29.4 

1.25008 

.1 

32.0 

1.27874 

.2 

26.75 

1.22291 

.2 

29.4 

1.25064 

.2 

32.0 

1.27932 

.3 

26.8 

1.22345 

.3 

29.5 

1.25120 

.3 

32.1 

1.27991 

A 

26.9 

1.22400 

.4 

29.5 

1.25177 

.4 

32.15 

1.28049 

.6 

26.9 

1.22455 

.5 

29.6 

1.25233 

.5 

32.2 

1.28107 

.6 

27.0 

1.22509 

.6 

29.6 

1.25290 

.6 

32.3 

1.28166 

.7 

27.0 

1.22564 

.7 

29.7 

1.25347 

.7 

32.3 

1.28224 

.8 

27.1 

1.22619 

.8 

29.7 

1.25403 

.8 

32!4 

1.28283 

.9 

27.1 

1.22673 

.9 

29.8 

1.25460 

.9 

32.4 

1.28342 

49.0 

27.2 

1.22728 

54.0 

29.8 

1.25517 

69.0 

32.5 

1.28400 

.1 

27.2 

1.22783 

.1 

29.9 

1.25573 

.1 

32.5 

1.28459 

.2 

27.3 

1.22838 

.2 

29.9 

1.25630 

.2 

32.6 

1.28518 

.3 

27.8 

1.22893 

.3 

30.0 

1.25687 

.3 

32.6 

1.28676 

A 

27,4 

1.22948 

.4 

30.05 

1.25747 

.4 

32.7 

1.28635 

.5 

27.4 

1.23003 

.5 

30.1 

1,25801 

.5 

32.7 

1.28694 

.6 

27. S 

1.23058 

.6 

30.2 

1.25857 

.6 

32.8 

1.28753 

.7 

27.6 

1.23113 

.7 

30.2 

1.25914 

.7 

32.8 

1.28812 

.3 

27.6 

1.23168 

.8 

30.3 

1.25971 

.8 

32.9 

1.28871 

.9 

27.7 

1.23223 

.9 

30.3 

1.26028 

.9 

32.9 

1.28930 

80.0 

27.7 

1.23278 

55.0 

30.4 

1.26086 

60.0 

33.0 

1.28989 

.1 

27.8 

1.23334 

.1 

30.4 

1.26143 

.1 

33.0 

1.29048 

.2 

27.8 

1.23389 

.2 

30.5 

1.26200 

.2 

33.1 

1.29107 

.3 

27.9 

1 .23444 

.3 

30.5 

1.26257 

.3 

33.1 

1.29166 

.4 

27.9 

1 .23499 

A 

30.6 

1.26314 

.4 

33.2 

1.29225 

.5 

28.0 

1.23555 

,5 

30.6 

1.26372 

.5 

33.2 

1.29284 

.6 

28.0 

1.23610 

.6 

30.7 

1.26429 

.6 

33.3 

1.29343 

.7 

28.1 

1.23666 

.7 

30.7 

1.26486 

.7 

33.35 

1.29403 

.8 

28.1 

1,23721 

.8 

30.8 

1.26514 

.8 

33.4 

1.29462 

.9 

28.2 

1.23777 

.9 

30.8 

1.26601 

.9 

33.45 

1.29521 

51.0 

28.2 

1.23832 

56.0 

30.9 

1.26658 

61.0 

33.5 

1.29581 

.1 

28.3 

1.23888 

.1 

30.9 

1.26716 

.1 

33.6 

1.29640 

.2 

28.35 

1.23943 

.2 

31.0 

1.26773 

.2 

33.6 

1.29700 

.3 

28.4 

1.23999 

.3 

31.05 

1.26831 

.3 

33.7 

1.29769 

A 

28.5 

1,24055 

A 

31.1 

1.26889 

.4 

33.7 

1.29819 

.5 

28.5 

1.24111 

.5 

31.2 

1.26946 

.5 

33.8 

1.29878 

.6 

28.6 

1.24166 

.6 

31.2 

1.27004 

.6 

33.8 

1.29938 

.7 

28.6 

1.24222 

,7 

31.3 

1.27062 

.7 

33.9 

1.29998 

.8 

28.7 

1.24278 

.8 

31.3 

1.27120 

.8 

33.9 1 

1.30057 

.9 

28.7 

1.24334 

.9 

31.4 

1.27177 

.9 

34.0 

1.30117 

58.0 

28.8 

1.24390 

57.0 

31.4 

1.27235 

68.0 

34.0 

1.30177 

.1 

28.8 

1.24446 

.1 

31.5 

1.27293 

.1 

34.1 

1.30237 

.2 

28.9 

1.24502 

.2 

31.5 

1.27351 

.2 

34.1 

1.30297 

.3 

28.9 

1.24558 

.3 


1.27409 

.3 

34.2 

1.30356 

A 

29.0 

1.24614 

.4 

31.6 

1.27464 

.4 

34.2 

1.30416 

.5 

29.0 

1.24670 

.5 

31.7 

1.27525 

.5 

34.3 

1,30476 

.6 

29.1 

1.24726 

.6 

31.7 

1,27583 

.6 

34.3 

1.30536 

.7 

29.15 

1 .24782 

.7 

31.8 

1.27641 

.7 

34.4 

1.30596 

.8 

29.2 

1,24839 

.8 

31.8 

1.27699 

.8 

34.4 

1.30657 

.9 

29.2 

1.24895 

.9 

31.9 

1.27768 

.9 

34.5 

1.30717 
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¥aSLE 29 — Conlinued 


TABLE 29— Continued 

Showing a Compabibon op othb Dbgrnes Brix and Bauhei btc. 


Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

Baumg 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

63.0 

34.5 

1.30777 

68.0 

37.1 

1.33836 

78.0 

39.6 

i . 36995 

.1 

34.6 

1.30837 

.1 

87.1 

1.33899 

.1 

39.7 

1.37059 

.2 

34.6 

1.30897 

.2 

37.2 

1.33961 

.2 

89.7 

1.37124 

.3 

34.7 

1.30958 

.3 

37.3 

1.34023 

.3 

39.8 

1.37188 

.4 

34.7 

1.31018 

.4 

37.3 

1.34085 

.4 

39.8 

1.37252 

.4 

34.8 

1.31078 

.5 

37.4 

1.34148 

.5 

39.9 

1.37317 

.6 

34.85 

1.31139 

.6 

37.4 

1.34210 

.6 

39.9 

1.37381 

.7 

34.9 

1.31199 

.7 

37.5 

1.34273 

.7 

40.0 

1.37446 

.8 

34.95 

1.31260 

.8 

37.0 

1.34335 

.8 

40.0 

1.37510 

.9 

35.0 

1.31320 

.9 

37.6 

1.34398 

.9 

40.1 

1.37575 

64.0 

35.1 

1.31381 

69.0 

37.6 

1.34460 

74.0 

40.1 

1.37639 

.1 

35.1 

1.31442 

.1 

37.7 

1.34623 

.1 

40.2 

1.37704 

.2 

35.2 

1.31502 

.2 

37.7 

1.34585 

.2 

40.2 

1.37768 

.3 

35.2 

1.31563 

.3 

37.8 

1.34648 

.3 

40.3 

1.37833 

.4 

35.3 

1.31624 

.4 

37.8 

1.34711 

.4 

40.3 

1.37898 

.5 

35.3 

1.31684 

.5 

37.9 

1.34774 

.5 

40.4 

1.37962 

.6 

35.4 

1.31745 

.6 

37.9 

1.34836 

.6 

40.4 

1.38027 

.7 

35.4 

1.31806 

.7 

38.0 

1.34899 

.7 

40.5 

1.38092 

.8 

35 . S 

1.31867 

.8 

38.0 

1.34962 

.8 

40.5 

1.38157 

.9 

35.5 

1.31928 

.9 

38.1 

1.35025 

.9 

40.6 

1.38222 

6 S .0 

35.6 

1.31989 

70.0 

38.1 

1.35088 

76.0 

40.6 

1.38287 

.1 

35.6 

1.32050 

,1 

38.2 

1.35151 

.1 

40.7 

1.88352 

.2 

35.7 

1.32111 

.2 

38.2 

1.35214 

.2 

40.7 

1.38417 

.3 

35.7 

1.32172 

.3 

38.3 

1.35277 

.3 

40.8 

1.38482 

.4 

35.8 

1.32233 

.4 

38.3 

1.35340 

.4 

40.8 

1.38547 

.5 

35.8 

1.32294 

.5 

38.4 

1.35403 

.5 

40.9 

1.38612 

.6 

35.9 

1.32355 

.6 

38.4 

1.35466 

.6 

40.9 

1.38677 

.7 

35.9 

1.32417 

.7 

38.5 

1.35530 

.7 

41.0 

1.38743 

.8 

36.0 

1.32478 

.8 

38.5 

1.35593 

.8 

41.0 

1.38808 

.9 

36.0 

1.32539 

.9 

38.6 

1.35656 

.9 

41.1 

1.38873 

66.0 

36.1 

1.32601 

71.0 

38.6 

1.35720 

76.0 

41.1 

1.38939 

.1 

36.1 

1.32662 

.1 

38.7 

1.35783 

.1 

41.2 

1.39004 

.2 

36.2 

1.32724 

.2 

38.7 

1.35847 

, .2 

41.2 

1.39070 

.3 

36.2 

1.32785 

.3 

38.8 

1.35910 

.3 

41.3 

1.39135 

A 

36.3 

1.32847 

.4 

38.8 

1.35974 

.4 

41.3 

1.39201 

.5 

36.3 

1.32908 

.5 

38.9 

1.36037 

.5 

41.4 

1.39266 

.6 

36.4 

1.32970 

.6 

38.9 

1.36101 

.6 

41.4 

1.39332 

.7 

36.4 

1.33031 

.7 

39.0 

1.36164 

.7 

41.5 

1.39397 

.8 

36.5 

1.33093 

.8 

39.0 

1.36228 

.8 

41.5 

1.39463 

.9 

36.5 

1.33155 

,9 

39.1 

1.36292 

.9 

41.6 

1.39529 

67,0 

36.6 

1.33217 

72.0 

39.1 

1.36355 

77.0 

41.6 

1.39595 

.1 

36.6 

1.33278 

.1 

39.2 

1.36419 

.1 

41.7 

1.39660 

.2 

36.7 

1.33340 

.2 

39.2 

1.36483 

.2 

41.7 

1.39726 

.8 

36.75 

1.33402 

.3 

39.3 

1.36547 

.3 

41.8 

1.39792 

.4 

36.8 

1.33464 

.4 

39.3 

1.36611 

.4 

41.8 

1.39858 

.5 

36.85 

1.33526 

.5 

39.4 

1.36675 

.5 

41.9 

1.39924 

.6 

36.9 

1.33588 

.6 ' 

39.4 

1.36739 

.6 

41.9 

1.39990 

.7 

36.95 

1.33650 

,7 

39.5 

1.36803 

.7 

42.0 

1.40056 

.8 

37.0 

1.33712 

.8 

39.5 

1.36867 

.8 

42.0 

1.40122 

.9 

37.0 

1.33774 j 

.9 

39.6 

1.36931 

.9 

42.1 

1.40188 
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TABLE 29— Continued 

Showing a Comparison of the Degrees Briz and Baume, etc. 


Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Gent 

Sugar) 

Degree 

Baum6 

(Cor- 

rected) 

Specific 

Gravity 

Degree 

Brix 

(Per 

Cent 

Sugar) 

Degree 

BaumO 

(Cor- 

rected) 

Specific 

Gravity 

78.0 

42.1 

1.40254 

83.0 

44.6 

1.43614 

88.0 

47.0 

1.47074 

.1 

42.2 

1.40321 

.1 

44.6 

1.43682 

.1 

47.0 

1.47145 

.2 

42.2 

1.40387 

.2 

44.7 

1.43750 

.2 

47.1 

1.47215 

.3 


1.40453 

.3 

44.7 

1.43819 

.3 

47.1 

1.47285 

.4 


1.40520 

.4 

44.8 

1.43887 

.4 

47.2 

1.47356 

.5 

EmM 

1.40586 

.5. 

44.8 

1.43955 

.5 

47.2 

1.47426 

.6 

42.4 

1.40652 

.6 

44.9 

1.44024 

.6 

47.3 

1.47496 

.7 

42.5 

1.40719 

.7 

44.9 

1.44092 

.7 

47.3 

1.47567 

.8 

42.5 

1.40785 

.8 

45.0 

1.44161 

.8 

47.4 

1.47637 

.9 

42.6 

1.40852 

.9 

45.0 

1.44229 

.9 

47.4 

1.47708 

7».0 

42.6 

1.40918 

84.0 

45.1 

1.44298 

89.0 

47.45 

1.47778 

.1 

42.7 

1.40985 

.1 

45.1 

1.44367 

.1 

47.5 

1.47849 

.2 

42.7 

1.41052 

.2 

45.15 

1.44435 

.2 

47.55 

1.47920 

.8 

42.8 

1.41118 

.3 

45.2 

1.44504 

.3 

47.6 

1.47981 

A 

42.8 

1.41185 

.4 

45.25 

1.44573 

.4 

47.6 

1.48061 

.6 

42.9 

1.41252 

.5 

45.3 

1.44641 

.6 

47.7 

1.48132 

.6 

42.9 

1.41318 

.6 

45.35 

1.44710 

.6 

47.7 

1.48203 

.7 

43.0 

1.41385 

.7 

45.4 

1.44779 

.7 

47.8 

1.48274 

.8 

43.0 

1.41452 

.8 

45.4 

1.44848 

.8 

47.8 

1.48345 

.9 

43.. 1 

1.41519 

.9 

45.5 

1.44917 

.9 

47.9 

1.48416 

80.0 

43.1 

1.41586 

86.0 

45,5 

1.44986 

90.0 

47.9 

1.48486 

.1 

43.2 

1.41653 

.1 

45.6 

1.45055 

.1 

48.0 

1.48558 

.2 

43.2 

1.41720 

.2 

45.6 

1.45124 

.2 

48.0 

1.48629 

.3 

43.2 

1.41787 

.3 

45,7 

1.45193 

.3 

48.1 

1.48700 

.4 

43.3 

1.41854 

.4 

45,7 

1.45262 

.4 

48.1 

1.48771 

.5 

43.3 

1.41921 

.5 

45.8 

1.45331 

.5 

48.2 

1.48842 

.6 

43.4 

1.41989 

.6 

45.8 

1.45401 

.6 

48.2 

1.48913 

.7 

43.45 

1.42056 

.7 

45.9 

1.45470 

.7 

48.3 

1.48985 

.8 

43.5 

1.42123 

.8 

45.9 

1.45539 

.8 

48.3 

1.49056 

.9 

43.55 

1.42190 

.9 

46.0 

1.45609 

.9 

48.35 

1.49127 

81.0 

43.6 

1.42258 

86.0 

46.0 

1.45678 

91.0 

48.4 

1.49199 

.1 

43.65 

1.42325 

.1 

46.1 

1.45748 

.1 

48.45 

1.49270 

.2 

43.7 

1.42393 

.2 

46.1 

1.45817 

.2 

48.5 

1.49342 

.3 

43.7 

1.42460 

.3 

46.2 

1 .45887 

.3 

48.5 

1.49413 

.4 

43.8 

1.42528 

.4 

46.2 

1.45956 

.4 

48.6 

1.49485 

.5 

43.8 

1.42595 

.5 

46.3 

1.46026 

.5 

48.6 

1.49556 

.6 

43.9 

1.42663 

.6 

46.3 

1.46095 

.6 

48.7 

1.49628 

.7 

43.9 

1.42731 

.7 

46.35 

1.46165 

.7 

48.7 

1.49700 

.8 


1.42798 

.8 

46.4 

1.46235 

.8 

48.8 

1.49771 

.9 

EyLi 

1.42866 

.9 

46.45 

1.46304 

.9 

48.8 

1.49843 

82.0 

44.1 

1.42934 

87.0 

46.5 

1.46374 

92.0 

48.9 

1.49915 

.1 

44.1 

1.43002 

.1 

46.55 

1.46444 

.1 

48.9 

1.49987 

.2 

44.2 

1.43070 

.2 

46.6 

1.46514 1 

.2 

49.0 

1.50058 

.3 

44.2 

1.43137 

.3 

46.65 

1.46584 

.3 

49.0 

1.50130 

.4 

44.3 

1.43205 

.4 

46.7 

1.46654 

.4 

49.05 

1.50202 

.5 

44.3 

1.43273 

.5 

46.7 

1.46724 

.5 

49.1 

1.50274 

*.6 

44.4 

1.43341 

.6 

46.8 

1.46794 

.6 

49.15 

1.50346 

.7 

44.4 

1.43409 

.7 

46.8 

1.46864 

.7 

49.2 

1.50419 

.8 

44.5 

1.43478 

.8 

46.9 

1.46934 

.8 

49.2 

1.50491 

.9 

44.5 

1.43546 

.9 

46.9 

1.47004 

.9 

49.3 

1.50563 
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TABLE 29— Confintied AND TABLE 30 


TABLE 2^ConUntied 

Showing a, Compabison of thb Dbgbnss Bbcc and Battne, idtc. 


Degree 
Briz (Per 
Cent Sugar) 

Degree 

Baumg 

(Corrected) 

Specific 

Gravity 

Degree 
Biia:(Per 
Cent Sugar) 

Degree 

BaumO 

(Corrected) 

Specific 

Gravity 

98.0 

49.3 

1.30633 

94.0 

49.8 

1.31339 

.1 

49.4 

1.50707 

.1 

49.83 

1.61431 

.2 

49.4 

1.30779 

.2 

49.9 

1.31304 

.3 

49.3 

1.30832 

.3 

49.9 

1.51577 

.4 

49.3 

1.30924 

.4 

30.0 

1.31649 

.5 

49.6 

1.30996 

.3 

50.0 

1.31722 

.6 

49.6 

1.31069 

.6 

30.1 

1.31796 

.7 

49.7 

1.31141 

.7 

30.1 

1.31868 

.8 

49.7 

1.31214 

.8 

30.2 

1.31941 

.9 

49.8 

1.31286 

.9 

95.0 

30.2 

30.3 

1.32014 

1.62087 


TABLE 30 


Eos TSa COBBECTION OF HEADINGS ON THE BBIX SCALE FOB VaBIATIONS IN 

Tempebatube fbom the Standabd, 17 C. (63 H® T.) — (Geblach) 


Temp. 

®C. 

Temp. 

® p; 

Approximate Degree Brix and Correction 

0 

8 

10 

15 

20 

25 

80 

85 

40 

60 

60 

70 

76 

0 

32 

.27 

.30 

.41 

.32 

.62 

.72 

.82 

.92 

.98 

1.11 

1.22 

1.23 

1.29 

5 

41 

.23 

.30 

.37 

.44 

.32 

.39 

.65 

.72 

.73 

.80 

.88 

.91 

.94 

10 

30 

.20 

.26 

.29 

.33 

.36 

.39 

.42 

.43 

.48 

.30 

.34 

.38 

.61 

11 

31.8 

.18 

.23 

.26 

.28 

.31 

.34 

.36 

.39 

.41 

.43 

.47 

.30 

.33 

12 

33.6 

.16 

.20 

.22 

.24 

.26 

.29 

. 31 

.33 

.34 

.36 

KiO 

.42 

.46 

13 

33.4 » 

.14 

.18 

.19 

, 21 

.22 

.24 

.26 

.27 

.28 

. 29 

. 33 

.35 

.39 

14 

37.2 

.12 

.15 

.16 

.17 

.18 

.19 

.21 

.22 

.22 

.23 

.26 

.28 

.32 

13 

39 

.09 

.11 

.12 

.14 

.14 

. 13 

.16 

.17 

.17 

.17 

.19 

.21 

.25 

16 

60.8 

.06 

.07 

.08 

.09 

.10 

.10 

.11 

.12 

.12 

.12 

.14 

.16 

.18 

17 

62.6 

.02 

.02 


.03 

.03 

.04 

.04 

.04 

.04 

.04 


.05 

.06 


Add the coirection to readings above 17 C, (63 J^® F.) and subtract the correction 
from those below this temperature 
























TABLE 31 


TABXiB 31 

Dbgsbbs Bbix, SpBcmc GbalVitt, akd Dbgbxbb Baiihb or Sugar SoitU^EzoRB i 

AT 20® C. 


Degrees 
Bnx or 
Percent 
Sucrose 

w^ut 

Specific 

Gravity 

at 

20®/4® C. 

Specific 

Gravity 

at 

20®/20® C. 

Degrees 

Baum4 

(Modulus 

145) 

Degrees 
Bnx or 
Per Cent 
Sucrose 

wS^lit 

Specific 

CJravity 

at 

20®/4® C, 

Specific 

Gravity 

at 

20® /20® C. 

Degrees 

Baumg 

(Modulus 

145) 

0.0 

0.99823 

1.00000 

0.00 

6.0 

1.01785 

1.01965 

2.79 

.1 

0.99862 

1.00039 

0.06 

.1 

1.01825 

1.02005 

2.85 

.2 

0.99901 

1.00078 

0.11 

.2 

1.01865 

1.02045 

2.91 

.3 

0.99940 

1.00117 

0.17 

.3 

1.01905 

1.02085 

2.96 

4 

0.99979 

1.00155 

0.22 

.4 

1.01945 

1.02125 

3.02 

0.5 

1.00017 

1.00194 

0.28 


1.01985 

1.02165 

3.07 

.6 

1.00066 

1.00233 

0.34 


1.02025 

1.02206 

3.13 

,7 

1.00095 

1.00272 

0.39 


1.02065 

1.02246 

3.18 

.8 

1.00134 

1.00311 

0.45 


1,02105 

1.02286 

3.24 

.9 

1.00173 

1.00350 

0.51 


1.02145 

1.02321 

3.30 

1.0 

1.00212 

1.00389 

0.56 


1.02186 

1.02366 

3.35 

.1 

1.00251 

1.00428 

0.62 

.1 

1.02226 

1.02407 

3.41 

.2 

1.00290 

1.00467 

0.67 

.2 

1.02266 

1.02447 

3.46 

.3 

1.00329 

1.00506 

0.73 

.3 

1.02306 

1.02487 

3.52 

.4 

1.00368 

1.00545 

0.79 

.4 

1.02346 

1.02527 

3.57 

1.5 

1.00406 

1.00584 

0.84 

$.6 

1.02387 

1.02568 

3.63 

.6 

1.00445 

1.00623 

0.90 

.6 

1.02427 

1.02608 

3,69 

.7 

1.00484 

1.00662 

0.95 

.7 

1.02467 

1.02648 

3.74 

.8 

1.00523 

1.00701 

1.01 

.8 

1.02508 

1.02689 

3.80 

.9 

1.00562 

1.00740 

1.07 

.9 

1.02548 

1.02729 

3.85 

2.0 

1.00602 

1.00779 

1 12 

7.0 

1.02588 

1.02770 

3.91 

.1 

1.00641 

1.00818 

1.18 

.1 

1.02629 

1.02810 

3.96 

.2 

1.00680 

1.00858 

1.23 

.2 

1.02669 

1.02851 

4.02 

.3 

1.00719 

1,00897 

1.29 

.3 

1.02710 

1.02892 

4.08 

.4 

1.00758 

1.00936 

1.34 

.4 

1.02750 

1.02932 

4.13 

a . 5 

1.00797 

1,00976 

1.40 


1.02791 

1.02973 

4.19 

.0 

1.00836 

1.01015 

1.46 


1.02832 

1.03013 

4.24 

.7 

1.00876 

1.01054 

1.51 


1.02872 

1.03054 

4.30 

.8 

1.00915 

1.01093 

1.57 


1.02913 

1.03095 

4.35 

,9 

1.00954 

1.01133 

1.62 


1.02954 

1.03136 

4.41 

8.0 

1.00993 

1.01172 

1.68 


1.02994 

1.03176 

4.46 

.1 

1.01033 

1.01211 

1.74 


1.03035 

1.03217 

4.52 

.2 

1.01072 

1.01261 

1.79 

.2 

1.03076 

1.03258 

4.58 

.3 

1.01112 

1.01290 

1.85 

.3 

1.03116 

1.03299 

4.63 

.4 

1.01151 

1.01330 

1.90 

.4 

1.03157 

1.03340 

4.69 

8.5 

1.01190 

1.01369 

1,96 

8.5 

1.03198 

1.03381 

4.74 

.6 

1.01230 

1.01409 

2.02 

.6 

1.03239 

1.03422 

4.80 

.7 

1.01269 

1.01448 

2.07 

.7 

1.03280 

1.03463 

4.85 

.8 

1.01309 

1.01488 

2.13 

.8 

1.03321 

1.03504 

4.91 


1.01348 

1.01528 

2.18 

.9 

1.03362 

1.03545 

4.96 

4.0 

1.01388 

1.01567 

2.24 

0.0 

1.03403 

1.03586 

5.02 

.1 

1.01428 

1.01607 

2.29 

.1 

1.03444 

1.03627 

5.07 

.2 

1.01467 

1.01647 

2.35 

.2 

1.03485 

1.03668 

5.13 

.3 

1.01507 

1.01687 

2.40 

.3 

1.03526 

1.03709 

5.19 

.4 

1.01547 

1.01726 

2.46 

.4 

1.03567 

1.03750 1 

5.24 

4.5 

1.01586 

1.01766 

2.52 

9.5 

1.03608 

1.03792 

5.30 

.6 

1.01626 

1.01806 

2.57 

.6 

1.03649 

1.03833 

5.35 

.7 

1.01666 

1.01846 

2.63 

.7 

1.03691 

1,03874 

5.41 

.8 

1.01706 

1.01886 

2.68 

.8 

1.03732 

1.03915 

5.46 

.9 

1.01746 

1.01926 

2.74 

.9 

1.03773 

1.03957 

5.52 


iFiom Bureau Standards Circular 44 (1918). 
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TABLE 31 — Contirmed 

Bsgbbbs Bbiz» Spboifio Gbavitt, and Degbbes Batjmb of Sugab SoLiinoNs 

AT 20® C. 


Demes 
Bnz or 
Per Cent 
Sucrose 

Weight 

Specific 

Gravity 

at 

20®/4® C. 

Specific 

Gravity 

at 

20®/20®C. 

Degrees 

Baumg 

(Modulus 

146) 

Degrees 
Brik or 
Per Cent 
Sucrose 

Weight 

Specific 

Gravity 

at 

20®/4® C. 

Specific 

Gravity 

at 

20®/20® C. 

Degrees 

Baumg 

(Modulus 

145) 

10.0 

1.03814 

1.03998 

5.57 

15.0 

1.05916 

1.06104 

8.34 

.1 

1.03856 

1.04039 

5.63 

.1 

1.05959 

1.06147 

8.40 

.2 

1.03897 

1.04081 

5.68 

.2 

1.06002 

1.06190 

8.45 

.3 

1.03938 

1.04122 

5.74 

.3 

1.06045 

1.06233 

8.51 

.4 

1.03980 

1.04164 

5.80 

.4 

1.06088 

1.06276 

8.56 

10.5 

1.04021 

1.04205 

6.85 

15.5 

1.06131 

1.06319 

8.62 

.6 

1.04063 

1.04247 

5.91 

.6 

1.06174 

1.06362 

8.67 

,7 

1.04104 

1.04288 

5.96 

.7 

1.06217 

1.06405 

8.73 

.8 

1.04146 

1.04330 

6.02 

.8 

1> 06260 

1.06448 

8.78 

.9 

1.04187 

1.04371 

6.07 

.9 

1.06303 

1.06491 

8.84 

11.0 

1.04229 

1.04413 

6.13 

16.0 

1.06346 

1.06534 

8.89 

.1 

1.04270 

1.04455 

6.18 

.1 

1.06389 

1.06577 

8.96 

.2 

1.04312 

1.04497 

6.24 

.2 

1.06432 

1.06621 

9.00 

.3 

1.04354 

1.04538 

6.30 

.3 

1.06476 

.1.06664 

9.06 

.4 

1.04395 

1.04580 

6.35 

.4 

1.06519 

1.06707 

9.11 

11.8 

1.04437 

1.04622 

6.41 

16.5 

1.06562 

1.06751 

9.17 

.6 

1,04479 

1.04664 

6.46 

.6 

1.06605 

1.06794 

9.22 

.7 

1.04521 

1.04706 

6.52 

.7 

1.06649 

1.06837 

9.28 

.8 

1.04562 

1.04747 

6.57 

.8 

1.06692 

1.06881 

9.33 

.9 

1.04604 

1.04789 

6.63 

.9 

1.06736 

1.06924 

9.39 

18.0 

1.04646 

1.04831 

6.68 

17.0 

1.06779 

1.06968 

9.45 

.1 

1.04688 

1.04873 

6.74 

.1 

1.06822 

1.07011 

9.50 

.2 

1,04730 

1.04915 1 

6.79 

.2 

1.06866 

1.07055 

9.56 

.3 

1.04772 

1,04957 

6.85 

.3 

1.06909 

1.07098 

9.61 

.4 

1.04814 

1.04999 

6.90 

.4 

1.06953 

1.07142 

9.67 

18.5 

1.04856 

1.05041 

6.96 

17.5 

1.06996 

1.07186 

9.72 

.6 

1.04898 

1.05084 

7.02 

.6 

1.07040 

1.07229 

9.78 

.7 

1.04940 

1.05126 

7.07 

.7 

1.07084 

1.07273 

9.83 

.8 

1.04982 

1.05168 

7.13 

.8 

1.07127 

1.07317 

9.89 

.9 

1.05024 

1.05210 

7.18 

.9 

1.07171 

1.07361 

9.94 

13.0 

1.05066 

1.05252 

7.24 

IS.O 

1.07215 

1.07404 

10.00 

.1 

1.05109 

1.05295 

7.29 

.1 

1.07258 

1.07448 

10.05 

.2 

1.05151 

1.05337 

7.35 

.2 

1.07302 

1.07492 

10.11 

.3 

1.05193 

1.05379 

7.40 

.3 

1.07346 

1.07536 

10.16 

.4 

1.05236 

1.05422 

7.46 

.4 

1.07390 

1.07580 

10.22 

13.5 

1.05278 

1.05464 

7.51 

18.5 

1.07434 

1.07624 

10.27 

.6 

1.05320 

1.05506 

7.57 

.6 

1.07478 

1.07668 

10.33 

.7 

1.05363 

1.05549 

7.62 

.7 

1.07522 

1.07712 

10.38 

.8 

1.05405 

1.05591 

7.68 

.8 

1.07566 

1.07756 

10.44 

.9 

1.05448 

1.05634 

7.73 

.9 

1.07610 

1.07800 

10.49 

14.0 

1.05490 

1.05677 

7.79 

19.0 

1.07654 

1.07844 

10.55 

.1 

1.05532 

1.05719 

7.84 

.1 

1.07698 

1.07888 

10.60 

.2 

1.05575 

1.05762 

7.90 

.2 

1 .07742 

1.07932 

10.66 

.3 

1.05618 

1.05804 

7.96 

.3 

1.07786 

1.07977 

10.71 

.4 

1.05660 

1.05847 

8.01 

.4 

1.07830 

1.08021 

10.77 

14.5 

1.05708 

1.05890 

8.07 

19.5 

1.07874 

1.08065 

10.82 

.6 

1.05746 

1.05933 

S.12 

.6 

1.07919 

1.08110 

10.88 

.7 

1.05788 

1.05975 

8.18 

.7 

1.07963 

1.08154 

10.93 

.8 

1.05831 

1.06018 

8.23 

.8 

1.08007 

1.08198 

10.99 

.9 

1.05874 

1.06061 

8.29 

.9 

1.08052 

1.08243 

11.04 
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TABLE 81 — Continued 

Degbbss Bbec, SPBcunc Gbavitt, and Dbgbbes Baitme ov Sdgab Solutionb 

AT 20 C. 


Degrees 
JBrte or 

Specific 

Gravity 

at 

20°/4« C. 

Specific 

Gravity 

at 

20®/20® C. 

Degrees 

Baum6 

(Modulus 

145) 

Degrees 
Bruc or 
Percent 
Sucrose 

Welllit 

Specie 

Specific 

Degrees 

Baum4 

(Modulus 

145) 

Per Cent 
Sucrose 

We^ht 

Gravity 

at 

20®/4® C. 

Gravity 

at 

20V20®C. 

80.0 

1.08096 

1.08287 

11.10 

25.0 

1.10356 

1.10551 

13.84 

.1 

1.08140 

1.08332 

11.15 

.1 

1.10402 

1.10597 

13.89 

.2 

1.08185 

1.08376 

11.21 

.2 

1.10448 

1.10643 

13-.95 

.3 

1.08229 

1.08421 

11.26 

.3 

1.10494 

1.10689 

14.00 

.4 

1.08274 

1.08465 

11.32 

.4 

1.10540 

1.10736 

14.06 

80.5 

1.08318 

1.08510 

11.37 

25.5 

1.10586 

1.10782 

14.11 

.6 

1.08363 

1.08554 

11.43 

.6 

1.10632 

1.10828 

14.17 

.7 

1.08407 

1.08599 

11.48 

.7 

1.10679 

1.10874 

14.22 

.8 

1.08452 

1.08644 

11.54 

.8 

1.10725 

1.10921 

14.28 

.0 

1.08497 

1.08689 

11.59 

.9 

1.10771 

1.10967 

14.33 

81.0 

1.08541 

1.08733 

11,66 

26.0 

1.10818 

1.11014 

14.39 

.1 

1.08586 

1.08778 

11.70 

.1 

1.10864 

1.11060 

14.44 

.2 

1.08631 

1.08823 

11.76 

.2 

1.10910 

1.11106 

14.49 

.3 

1.08676 

1.08868 

11.81 

.3 

1.10957 

1.11153 

14.55 

.4 

1.08720 

1.08913 

11.87 

.4 

1.11003 

1.11200 

14.60 

81.5 

1.08766 

1.08958 

11.92 

25.5 

1.11050 

1.11246 

14.66 

.6 

1.08810 

1.09003 

11.98 

.6 

1.11096 

1.11293 

14.71 

.7 

1.08855 

1.09048 

12.03 

.7 

1.11143 

1.11339 

14.77 

.8 

1.08900 

1.09093 

12.09 

.8 

1.11190 

1.11386 

14.82 

.9 

1.08945 

1.09138 

12.14 

.9 

1.11236 

1.11433 

14.88 

88.0 

1.08990 

1.09183 

12.20 

27.0 

1.11283 

1.11480 

14.93 

.1 

1.09035 

1.09228 

12.25 

.1 

1.11330 

1.11526 

14.99 

.2 

1.09080 

1.09273 

12.31 

.2 

1.11376 

1.11573 

15.04 

.3 

1.09125 

1.09318 

12.36 

.3 

1.11423 

1.11620 

15.09 

.4 

1.09170 

1.09364 

12.42 

.4 

1.11470 

1.11667 

15.15 

88.5 

1.09216 

1.09409 

12.47 

27.5 

1.11517 

1.11714 

15.20 

.6 

1.09261 

1.09454 

12.52 

.6 

1.11564 

1.11761 

15.26 

.7 

1.09306 

1.09499 

12.58 

.7 

1.11610 

1.11808 

15.31 

.8 

1.09351 

1.09545 

12.63 

.8 

1.11657 

1.11855 

15.37 

.9 

1.09397 

1.09590 

12.69 

.9 1 

1.11704 

1.11902 

15.42 

83.0 

1.09442 

1.09636 

12.74 

28.0 

1.11751 

1.11949 

15.48 

.1 

1.09487 

1.09681 

12.80 

.1 

1.11798 

1.11996 

15.53 

.2 

1.09533 

1.09727 

12.85 

.2 

1.11845 

1 . 12043 

15.59 

.3 

1.09678 

1.09772 

12.91 

.3 

1.11892 

1.12090 

15.64 

.4 

1.09624 

1.09818 

12.96 

.4 

1.11940 

1.12138 

15.69 

83.5 

1.09669 

1.09863 

13.02 

28.6 

1.11987 

1.12185 

15.75 

.6 

1.09715 

1.09909 

13.07 

.6 

1.12034 

1.12232 

15.80 

.7 

1.09760 

1.09954 

13.13 

.7 

1.12081 

1.12280 

15.86 

.8 

1.09806 

1.10000 

13.18 

.8 

1.12128 

1 . 12327 

15.91 

.9 

1.09851 

1.10046 

13.24 

.9 

1.12176 

1.12374 

15.97 

84.0 

1.09897 

1.10092 

13.29 

28.0 

1.12223 

1.12422 

16.02 

.1 

1.09943 

1.10137 

13.35 

.1 

1.12270 

1 . 12469 

16.08 

,2 

1.09989 

1.10183 

13.40 

.2 

1.12318 

1.12517 

16.13 

.3 

1.10034 

1 . 10229 

13.46 

.3 

1.12365 

1.12564 

16.18 

.4 

1.10080 

1.10275 

13.51 

.4 

1.12413 

1.12612 

16.24 

84.5 

1.10126 

1.10321 

13.57 

29.6 

1.12460 

1.12659 

16.29 

.6 

1.10172 

1.10367 

13.62 

.6 

1.12508 

1 . 12707 

16.35 

.7 

1.10218 

1.10413 

13.67 

.7 

1.12556 

1.12755 

16.40 

.8 

1.10264 

1.10459 

13.73 

.8 

1.12603 

1.12802 

16.46 

.9 

1.10310 

1.10505 

13.78 

.9 

1.12651 

1.12850 

16.51 
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TABLE 31 — Continued 

Dsgbebb BitiXy Spboific Gbavitt* and Dbgbbbs Baumb op Sugar Solutions 

AT 20® C. 


Degrees 
Bite or 
Per Cent 
Sucrose 

We^ht 

Specific 

Gravity 

at 

20®/4® C. 

Specific 

Gravity 

at ^ 

20®/20® C. 

Degrees 

BaumO 

(Modulus 

145) 

Degrees 
Brix or 
Per Cent 
Sucrose 
by 

Weight 



Degrees 

Bauifig 

(Modulus 

145) 

^ecific 

Grravity 

at 

20®/4® C. 

Specific 

Gravity 

at 

20®/20® C, 

80.0 

1.12698 

1.12898 

16.57 

35.0 

1.15128 

1.15331 

19.28 

.1 

1.12746 

1.12946 

16.62 

.1 

1.15177 

1.15381 

19.33 

■ .2 

1.12794 

1.12993 

16.67 

.2 

1 . 15226 

1.15430 

19.38 

.3 

1.12842 

1.13041 

16.73 

.3 

1.15276 

1 . 15480 

19.44 

,4 

1.12890 

1.13089 

16.78 

.4 

1.15326 

1.15530 

19.49 

80.5 

1.12937 

1.13137 

16.84 

35.6 

1.15375 

1.16579 

19.55 

.6 

1.12985 

1.13185 

16.89 

.6 

1.15425 

1 . 15629 

19.60 

.7 


1.13233 

16.95 

.7 

1.15475 

1.15679 

19.65 

.8 

1.13081 

1.13281 

17.00 

.8 

1.15524 

1.15729 

19.71 

.9 

1.13129 

1.13329 

17.05 

.9 

1.15574 

1.16778 

19.76 

81.0 

1.13177 

1.13378 

17.11 

86.0 

1.15624 

1.15828 

18.81 

.1 

1.13225 

1.13426 

17.16 

.1 

1.15674 

1.15878 

19,87 

.2 

1.13274 

1.13474 

17.22 

.2 

1.15724 

1.15928 

19.92 

.3 

1.13322 

1.13522 

17.27 

.3 

1.15773 

1.16978 

19.98 

.4 

1.13370 

1.13570 

17.33 

.4 

1.15823 

1.16028 

20.03 

81.5 

1.13418 

1.13619 

17.38 

36.5 

1.15873 

1.16078 

20.08 

,6 

1.13466 

1.13667 

17.43 

.6 

1.15923 

1.16128 

20.14 

.7 

1.13515 

1.13715 

17.49 

.7 

1.15973 

1.16178 

20.19 

.8 

1.13563 

1.13764 

17.54 

.8 

1 . 16023 

1.16228 

20.25 

' .9 

1.13611 

1,13812 

17.60 

.9 

1.16073 

1.16279 

20.30 

82.0 

1.13660 

1.13861 

17.65 

87.0 

1,16124 

1.16329 

20.35 

.1 

1.13708 

1.13909 

17.70 

.1 

1.16174 

1.16379 

20.41 

.2 

1.13766 

1.13958 

17.76 

.2 

1.16224 

1.16430 

20.46 

.3 


1.14006 

17.81 

.3 

1.16274 

1.16480 

20.52 

.4 

1.13853 

1.14055 

17.87 

.4 

1.16324 

1.16630 

20.67 

82.5 


1.14103 

17.92 

37.6 

1.16375 

1.16581 

20.62 

.6 

1.13951 

1.14152 

17.98 

.6 

1.16425 

1.16631 

20.68 

.7 

1.13999 

1.14201 

18.03 

.7 

1.16476 

1.16682 

20.73 

.8 

1.14048 

1.14250 

18.08 

.8 

1.16526 

1.16732 

20.78 

.9 

1.14097 

1.14298 

18.14 

.9 

1.16576 

1.16783 

20.84 

88,0 

1.14145 

1.14347 

18.19 

86.0 

1.16627 

1.16833 

20.89 

.1 

1.14194 

1.14396 

18.25 

.1 

1.16678 

1.16884 

20.94 

.2 

1.14243 

1.14445 

18.30 

.2 

1.16728 

1.16934 

21.00 

.3 

1.14292 

1.14494 

18.36 

.3 

1.16779 

1.16985 

21.05 

.4 

1.14340 

1.14543 

18.41 

.4 

1.16829 

1,17036 

21.11 

88.5 

1.14389 

1.14592 

18.46 

36.6 

1.16880 

1.17087 

21.16 

.6 

1.14438 

1.14641 

18.52 

,6 

1.16931 

1.17138 

21.21 

.7 

1.14487 

1.14690 

18.57 

.7 

1.16982 

1.17188 

21.27 

.8 

1.14536 

1.14739 

18.63 


1.17032 

1.17239 

21.32 

.9 

1.14585 

1.14788 

18.68 

.9 

1.17083 

1.17290 

21.38 

84.0 

1.14634 

1.14837 

18.73 

89.0 

1,17134 

1.17341 

21.43 

.1 

1.14684 

1.14886 

18.79 

.1 

1.17185 

1.17392 

21.48 

.2 

1.14733 

1.14936 

18.84 

.2 

1.17236 

1.17443 

21.54 

.3 

1.14782 

1.14985 

18.90 

.3 

1.17287 

1.17494 

21.59 

.4 

1.14831 

1.15034 

18.95 

.4 

1.17338 

1.17546 

21.64 

84.5 

1.14880 

1.15084 

10.00 

89.6 

1.17389 

1.17596 

21.70 

.6 

1.14930 

1.15133 

19.06 

.6 

1,17440 

1.17648 

21.76 

,7 

1.14979 

1.15183 

19.11 

.7 

1.17491 

1.17699 

21.80 

.8 

1.15029 

1.15232 

19.17 

.8 

1.17542 

1.17750 

21.86 

, .9 

1.15078 

1.15282 

19.22 

.9 

1.17594 

1.17802 

21.91 
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TABLE 31 — Continued 

Dbghbbb Bbix, Spbcific Geavitt, and Degrees Baumb of Sugar Solutions 

AT 20® C. 


Degrees 
Brlx or 
Per Cent 
Sucrose 

Weight 

Specific 

Gravity 

at 

20®/4®,C. 

Specific 

Gravity 

at 

20®/20® C. 

Degrees 

Baumfi 

(Modulus 

145) 

Degrees 
Brix or 
Per Cent 
Sucrose 

Weight 

Specific 

Gravity 

at 

20°/4® C. 

Specific 

Gravity 

at 

20V20® C. 

Degrees 

Baumd 

(Modulus 

145) 

40.0 

1.17645 

1.17853 

21.97 

46.0 

1.20254 

1.20467 

24.63 

.1 

1.17696 

1.17904 

22.02 

.1 

1.20307 

1.20520 

24.69 

.2 

1.17747 

1.17956 

22.07 

.2 

1.20360 

1.20573 

24.74 

.3 

1.17799 

1,18007 

22.13 

.3 

1.20414 

1.20627 

24.79 

.4 

1.17850 

1.18058 

22.18 

.4 

1.20467 

1.20680 

24.85 

40.6 

1.17901 

1.18110 

22.23 

45.5 

1.20520 

1.20733 

24.90 

.6 

1.17953 

1.18162 

22.29 

.6 

1.20673 

1.20787 

24.95 

.7 

1.18004 

1.18213 

22.34 

.7 

1.20627 

1.20840 

25.01 

.8 

1.18056 

1.18265 

22.39 

.8 

1.20680 

1 .20894 

25.06 

.9 

1.18108 

1.18316 

22.45 

.9 

1.20734 

1.20947 

25.11 

41.0 

1.18159 

1.18368 

22.50 

46.0 

1.20787 

1.21001 

25.17 

.1 

1.18211 

1.18420 

22.55 

.1 

1.20840 

1.21054 

25.22 

.2 

1.18262 

1.18472 

22.61 

.2 

1.20894 

1.21108 

25.27 

.3 

1.18314 

1 . 18524 

22.66 

.3 

1.20948 

1.21162 

25.32 

.4 

1.18366 

1.18675 

22.72 

.4 

1.21001 

1.21215 

25.38 

41.6 

1.18418 

1.18627 

22.77 

46.5 

1.21055 

1.21269 

25.43 

.6 

1,18470 

1 . 18679 

22.82 

.6 

1.21109 

1.21323 

25.48 

.7 

1.18522 

1.18731 

22.88 

.7 

1.21162 

1.21377 

25.54 

.8 

1 . 18573 

1.18783 

22.93 

.8 

1.21216 

1.21431 

25.59 

.9 

1.18625 

1.18835 

22.98 

.9 

1.21270 

1.21484 

25.64 

42.0 

1.18677 

1.18887 

23.04 

47.0 

1.21324 

1.21538 

26.70 

.1 

1.18729 

1.18939 

23.09 

.1 

1.21378 

1.21592 

25.75 

.2 

1.18781 

1 . 18992 

23.14 

.2 

1.21432 

1.21646 

25.80 

.3 

1.18834 

1.19044 

23.20 

.3 

1.21486 

1.21700 

25.86 

.4 

1.18886 

1.19096 

23.25 

.4 

1.21540 

1.21755 

25.91 

42.6 

1.18938 

1.19148 

23.30 

47.6 

1.21594 

1.21809 

25.96 

.6 

1.18990 

1.19201 

23.36 

.6 

1.21648 

1.21863 

26.01 

.7 

1.19042 

1.19253 

23.41 

.7 

1.21702 

1.21917 

26.07 

.8 

1.19095 

1.19305 

23.46 

.8 

1.21766 

1.21971 

26.12 

.9 

1.19147 

1.19358 

23.52 

.9 

1.21810 

1.22026 

26.17 

43.0 

1.19199 

1.19410 

23.57 

48.0 

1.21864 

1.22080 

26.23 

.1 

1.19252 

1.19463 

23.62 

.1 

1.21918 

1.22134 

26.28 

.2 

1.19304 

1.19516 

23.68 

.2 

1.21973 

1.22189 

26.33 

.3 

1.19356 

1.19568 

23.73 

.3 

1.22027 

1.22243 

26.38 

.4 

1.19409 

1.19620 

23.78 

.4 

1.22082 

1.22298 

26.44 

48.6 

1.19462 

1.19673 

23.84 

48.6 

1.22136 

1.22352 

26.49 

.6 

1.19514 

1.19726 

23.89 

.6 

1.22190 

1.22406 

26.54 

.7 

1.19567 

1.19778 

23.94 

.7 

1.22245 

1.22461 

26.59 

.8 

1.19619 

1.19831 

24.00 

.8 

1.22300 

1.22516 

26.65 

• .9 

1.19672 

1.19884 

24.05 

.9 

1.22354 

1.22570 

26.70 

44.0 

1.19726 

1.19936 

24.10 

49.0 

1.22409 

1.22625 

26.76 

, .1 

1.19778 

1.19989 

24.16 

.1 

1.22463 

1.22680 

26.81 

.2 

1.19830 

1.20042 

24.21 

.2 

1.22518 

1.22735 

26.86 

.3 

1.19883 

1.20095 

24.26 

.3 

1.22573 

1.22789 

26.91 

.4 

1.19936 

1.20148 

24.32 

.4 

1.22627 

1.22844 

26.96 

44.6 

1.19989 

1.20201 

24.37 i 

49.5 

1.22682 

1.22899 


.6 

1.20042 

1.20254 

24.42 

.6 

1.22737 

1.22954 

27.07 

.7 

1.20095 

1.20307 

24.48 

.7 

1.22792 

1.23009 

27.12 

.8 

1.20148 

1.20360 

24.53 

.8 

1.22847 

1.23064 

27,18 

.9 

1.20201 

1.20414 

24.58 

.9 

1.22902 

1.23119 

27.23 
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TABLE 31 — Continued 


TABLE 31 — CorUinued 

DeGBBKS BbIZ, SpECISIG GltAVITT, AMD DEGREES BAUME OP SUGAB SOLTTTXOMS 

AT 20® C. 


Degrees 

Specific 

Gravity 

at 

20®/4 0®. 


Degrees 

BaumO 

(Modulus 

145) 

De^es 



Degrees 

Baumg 

(Modulus 

145) 

Bnk or 
Per Cent 
Sucrose 

wl^ht 

Specific 

Gravity 

at 

20®/20® C. 

Brix or 
Per Cent 
Sucrose 

We^ht 

Specific 

Gravity 

at 

20®/4®C. 

opecinc 

Gravity 

at 

20°/20®C. 

70,0 

1.34717 

1.34956 

37.56 

75.0 

1.37897 

1.38141 

40.03 

.1 

1.34780 

1.35019 

37.61 

.1 

1.37962 

1.38206 

40.08 

.2 

1.34843 

1.35081 

37.66 

.2 

1.38026 

1.38270 

40.13 

.3 

1.34906 

1.35144 

37.71 

.3 

1.38091 

1.38335 

40.18 

.4 

1.34968 

1.35207 

37.76 

.4 

1.38156 

1.38400 

40.23 

70.5 

1.35031 

1.35270 

87.81 

76.5 

1.38220 

1.38465 

40.28 

.6 

1.35094 

1.35333 

37.86 

.6 

1.38285 

1.38530 

40.33 

.7 

1.35157 

1.35396 

37.91 

.7 

1.38350 

1.38595 

40.38 

.8 

1.35220 

1.35459 

37.96 

.8 

1.38415 

1.38660 

40.43 

.9 

1.35283 

1.35522 

38.01 

.9 

1.38480 

1.38725 

40.48 

71.0 

1.35346 

1.35585 

38.06 

76.0 

1.38545 

1.38790 

40.53 

.1 

1.35409 

1.35648 

38.11 

.1 

1.38610 

1.38855 

40.57 

.2 

1.8S472 

1.35711 

38.16 

.2 

1.38675 

1.38920 

40.62 

.3 

1.35535 

1.35775 

38.21 

.3 

1.38740 

1.38985 

40.67 

.4 

1.35598 

1.35838 

38.26 

.4 

1.38805 

1.39050 

40.72 

71.5 

1.35661 

1.35901 

38.30 

76.5 

1.38870 

1.30115 

40.77 

.6 

1.35724 

1.35964 

38.35 

.6 

1.38935 

1.39180 

40.82 

.7 

1.35788 

1.36028 

38.40 

.7 

1.39000 

1.39246 

40.87 

.8 

1.35851 

1.36091 

38.45 

.8 

1.39065 

1.39311 

40.92 

.9 

1.35914 

1.36155 

38.50 

.9 

1.39130 

1.39376 

40.97 

7S.0 

1.35978 

1 .36218 

38.55 

77.0 

1.30196 

1.39442 

41.01 

.1 

1.36041 

1.36282 

38.60 

.1 

1.39261 

1.39507 

41.06 

.2 

1.36105 

1.36346 

38.65 

.2 

1.39326 

1.39573 

41.11 

.3 

1.36168 

1.36409 

38.70 

.3 

1.39392 

1.39638 

41.16 

.4 

1.36232 

1.36473 

38.75 

,4 

1.39457 

1.39704 

41.21 

78.5 

1.36295 

1.36536 

38.80 

77.6 

1.39523 

1.39769 

41.26 

.6 1 

1.36359 

1.36600 

38.85 

.6 

1.39588 

1.39835 

41.31 

•7 

1.36423 

1.36664 

38.90 

.7 

1.39654 

1.39901 

41.36 

.8 

1.36486 

1.36728 

38.95 

.8 

1.39719 

1.39966 

41.40 

.9 

1.36550 

1.36792 

39.00 

.9 

1.39785 

1.40032 

41.45 

73.0 

1.36614 

1.36856 

39.05 

78.0 

1.39850 

1.40098 

41.50 

,1 

1.36678 

1.36919 

39.10 

.1 

1.39916 

1.40164 

41.55 

.2 

1.36742 

1.36983 

39.15 

.2 

1.39982 

1.40230 

41.60 

.3 

1.36805 

1.37047 

39.20 

.3 

1.40048 

1.40295 

41.65 

.4 

1.36869 

1.37111 

39.25 

.4 

1.40113 

1.40361 

41.70 

73.5 

1.36933 

1.37176 

39.30 , 

78.5 

1.40179 

1.40427 

41.74 

.6 

1.36997 

1.37240 

39.35 

.6 

1.40245 

1.40493 

41.79 

.7 

1.37061 

1.37304 

39.39 

.7 

1.40311 

1.40559 

. 41.84 

.8 

1,37125 

1.37368 

39.44 

.8 

1.40377 

1.40625 

41.89 

.9 

1.37189 

1.37432 

39.49 

.9 

1.40443 

1.40691 

41.94 

74.0 

1.37254 

1.37496 

39.54 

79.0 

1.40509 

1.40758 

41.99 

.1 

1.37318 

1.37561 

39.59 

.1 

1.40575 

1.40824 

42.03 

.2 

1.37382 

1.37625 

39.64 

.2 

1.40641 

1.40890 

42.08 

.3 

1.37446 

1.37689 

39.69 

.3 

1.40707 

1.40956 

42.13 

.4 

1.37510 

1.37754 

39.74 

.4 

1.40774 

1.41023 

42.18 

74.5 

1.37575 

1.37818 

39.79 

79.5 

1.40840 

1.41089 

42.23 

.6 

1.37639 

1.37883 

39.84 

.6 

1.40906 

1.41155 

42.28 

.7 

1.37704 

1.37947 

39.89 

,7 

1.40972 

1.41222 

42.32 

.8 

1.37768 

1.38012 

39.94 

.8 

1.41039 

1.41288 

42.37 

.9 

1 .37833 

1.38076 

39.99 

.9 

1.41105 

1.41355 

42.42 
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TABLE 31— Coniinwcd 

Deorbeb Brix, Specific Gba7ztt» and Degbbss Bauhb of Sugar Soldtzonb 

AT 20® C. 


Degrees 
Brix or 
Per Cent 
Sucrose 

We^ht 

Specific 

Gravity 

at 

20®/4®C. 

Specific 

Gravity 

at 

20®/20®C. 

Degrees 

Baums 

(Modulus 

145) 

Degrees 
Bm or 
Per Cent 
Sucrose 

We^ht 

Specific 

Gravity 

at 

20V4®C. 

Specific 

Gravity 

at 

20®/20®iC. 

Degrees 

BaumS 

(Modulus 

145) 

80.0 

1.41172 

1.41421 

42.47 

85.0 

1.44539 

1.44794 

44.86 

.1 

1.41238 

1.41488 

42. S2 

.1 

1.44607 

1.44863 

44.91 

.2 

1.41304 

1 41554 

42.57 

.2 

1.44675 

1.44931 

44.95 

.3 

1.41371 

1.41621 

42.61 

.3 

1.44744 

1.45000 

45.00 

.4 

1.41437 

1.41688 

42.66 

.4 

1.44812 

1.45068 

45.05 

80.5 

1.41504 

1.41754 

42.71 

85.5 

1.44881 

1.45137 

45.09 

.6 

1.41571 

1.41821 

42.76 

.6 

1.44949 

1.45205 

45.14 

.7 

1.41637 

1.41888 

42.81 

.7 

1.45018 

1.45274 

45.19 

.8 

1.41704 

1.41955 

42.86 

.8 

1.45086 

1.45343 

45.24 

.9 

1.41771 

1.42022 

42.90 

.9 

1.45154 

1.45411 

45.28 

81.0 

1.41837 

1.42088 

42.95 

86.0 

1.45223 

1.45480 

45.33 

.1 

1.41904 

1.42155 

43.00 

.1 

1.45292 

1.45549 

45.38 

.2 

1.41971 

1.42222 

43.05 

.2 

1.45360 

1.45618 

45.42 

.3 

1.42038 

1.42289 

43.10 

.3 

1.45429 

1.45686 

45.47 

.4 

1.42105 

1.42356 

43.14 

.4 

1.45498 

1.45755 

45.52 

81.5 

1.42172 

1.42423 

43.19 

86.5 

1.45567 

1.45824 

45.57 

.6 

1.42239 

1.42490 

43.24 

.6 

1.45636 

1.45893 

45.61 

.7 

1.42306 

1.42558 

43.29 

.7 

1.45704 

1.45962 

45.66 

.8 

1.42373 

1.42625 

43.33 

.8 

1.45773 

1.46031 

45.71 

.9 

1.42440 

1.42692 

43.38 

.9 

1.45842 

1.46100 

45.75 

82.0 

1.42507 

1.42759 

43.43 


1.45911 

1.46170 

45.80 

.1 

1.42574 

1 .42827 

43.48 

mmm 

1 .45980 

1.46239 

45.85 

.2 

1.42642 

1 .42894 

43.53 

.2 

1.46050 

1.46308 

45.89 

.3 

1.42709 

1.42961 

43.57 

.3 

1.46119 

1.46377 

45.94 

.4 

1.42776 

1.43029 

43.62 

.4 

1.46188 

1.46446 

45.99 

88.6 

1.42844 

1.43096 

43.67 

87.5 

1.46257 

1.46516 

46.03 

.6 

1.42911 

1.43164 

43.72 

.6 

1.46326 

1.46585 

46.08 

.7 

1.42978 

1.43231 

43.77 

.7 

1.46395 

1.46654 

46.13 

.8 

1.43046 

1.43298 

43.81 

.8 

1.46464 

1.46724 

46.17 

.9 

1.43113 

1.43366 

43.86 

.9 

1.46534 

1.46793 

46.22 

83.0 

1.43181 

1.43434 

43.91 


1.46603 

1.46862 

46.27 

.1 

1.43248 

1.43502 

43.96 

.1 

1.46673 

1.46932 

46.31 

.2 

1.43316 

1.43569 

44.00 

.2 

1.46742 

1.47002 

46.36 

.3 

1.43384 

1.43637 

44.05 

.3 

1.46812 

1.47071 

46.41 

.4 

1.43451 

1.43705 

44.10 

.4 

1.46881 

1.47141 

46.45 

88.5 

1.43519 

1.43773 

44.15 

88.5 

1.46950 

1.47210 

46.50 

.6 

1.43587 

1.43841 

44.19 

.6 

1.47020 

1.47280 

46.55 

.7 

1.43654 

1.43908 

44.24 

.7 

1.47090 

1.47350 

46.59 

.8 

1.43722 

1.43976 

44.29 

.8 

1.47159 

1.47420 

46.64 

.9 

1.43790 

1,44044 

44.34 

.9 

1.47229 

1.47489 

46.69 

84.0 

1.43858 

1.44112 

44.38 

89.0 

1.47299 

1.47559 

46.73 

.1 

1.43926 

1.44180 

44.43 

.1 

1.47368 

1.47629 

46.78 

.2 

1.43994 

1.44249 

44.48 

.2 

1.47438 

1.47699 

46.83 

.3 

1.44062 

1.44317 

44.53 

.3 

1.47508 

1.47769 

46.87 

.4 

1.44130 

1.44385 

44.57 

.4 

1.47578 

1.47839 

46.92 

84.5 

1.44198 

1.44453 

44.62 

89.5 

1.47648 

1.47909 

46.97 

.6 

1.44266 

1.44521 

44,67 

.6 

1.47718 

1.47979 

47.01 

.7 

1.44334 

1.44590 

44.72 

.7 

1.47788 

1.48049 

47.06 

.8 

1.44402 

1.44658 

44.76 

.8 

1.47858 

1.48119 

47.11 

.9 

1.44470 

1.44726 

44.81 1 

.9 

1.47928 

1.48189 

47.15 
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TABLE 31 — Continued 


TABLE 31 — Continued 

Dbgbbbs Bbxz, Spbcifzo Gbavity, and Dbobbbs Battmb of Sugab Solutions 

AT 20® C. 


Domes 
Brix or 
Per Cent 

Specific 

Gravity 

Specific 

Gravity 

Degrees 

BaumO 

n 

Specific 

Gravity 

Specific 

Gravity 

Degrees 

Baumg 

Sucrose 

at 

at 

(Modulus 

Sucrose 

at 

at 

(Modulus 


20®/4® C. 

20®/20® C. 

145) 

Weight 

20®/4® C. 

20®/20° C. 

145) 

20.0 

1 .47098 

1.48259 

47.20 

95.0 

1.51546 

1.51814 

49.49 

.1 

1 .48068 

1.48330 

47.24 

.1 

1.51617 

1.51886 

49.53 

.2 

1.48138 

1.48400 

47.29 

.2 

1.51689 

1.51958 

49.58 

.3 

1 .48208 

1.48470 

47.34 

.3 

1.51761 

1.52030 

49.62 

.4 

1 .48278 

1.48540 

47.38 

.4 

1.51833 

1.52102 

49.67 

90.0 

1 .48348 

1.48611 

47.43 

96.5 

1.51905 

1.52174 

49.71 

.6 

1.48419 

1.48681 

47.48 

.6 

1.51977 

1.52246 

49.76 

.7 

1 .48489 

1.48752 

47.52 

.7 

1.52049 

1.52318 

49.80 

.8 

1 .48559 

1.48822 

47.57 

.8 

1.52121 

1.52390 

49.85 

.9 

1.48630 

1.48893 

47.61 

.9 

1.52193 

1.52463 

49.90 

91.0 

1.48700 

1.48963 

47.66 

96.0 

1.52266 

1.52535 

49.94 

.1 

1 .48771 

1.49034 

47.71 

.1 

1.52338 

1.52607 

49.98 

.2 

1 .48841 

X. 49104 

47.76 

.2 

1.52410 

1.52680 

50.03 

.3 

1.48912 

1.49175 

47.80 

.3 

1.52482 

1.52752 

50.08 

.4 

1.48982 

1.49246 

47.84 

.4 

1.52555 

1.52824 

50.12 

91.5 

1 .49053 

1.49316 

47.89 

96.5 

1.52627 

1.52897 

50.16 

.6 

1.49123 

1.49387 

47.94 

.6 

1.52699 

1.52969 

50.21 

.7 

1.49194 

1.49458 

47.98 

.7 

1.62772 

1.53042 

50.25 

.8 

1.49265 

1.49529 

48.03 

.8 

1.52844 

1.53114 

50.30 

.9 

1 .49336 

1.49600 

48.08 

.9 

1.52917 

1.53187 

50.34 

92.0 

1.49406 

1.49671 

48.12 

97.0 

1.52989 

1.53260 

50.39 

.1 

1 .49477 

1.49741 

48,17 

.1 

1.53062 

1.53332 

50.43 

.2 

1 .49548 

1.49812 

48.21 

.2 

1.53134 

1.53405 

50.48 

.3 

1.49619 

1.49883 

48.26 

.3 

1.53207 

1.53478 

50.52 

.4 

1.49690 

1.49954 

48.30 

.4 

1.53279 

1.53551 

50.67 

92.5 

1.49761 

1.50026 

48.35 

97.5 

1.53352 

1 . 53623 

50.61 

,6 

1.49832 

1.50097 

48.40 

.6 

1.53425 

1 . 53696 

50.66 

.7 

1.49903 

1.50168 

48.44 

.7 

1.53498 

1 . 63769 

50.70 

.8 

1.49974 

1.50239 

48.49 

.8 

1.53570 

1 . 53842 

60.76 

.9 

1.50045 

1.50310 

48.53 

.9 

1.53643 

1.53915 

50.79 

93.0 

1.50116 

1.50381 

48.58 

98.0 

1.53716 

1 . 53988 

50.84 

.1 

1.50187 

1.50453 

48.62 

.1 

1.53789 

1 . 54061 

50.88 

.2 

1.50258 

1.50524 

48.67 

.2 

1.53862 

1 . 54134 

50.93 

.3 

1.50329 

1.50595 

48.72 

.3 

1.53935 

1 . 54207 

50 97 

.4 

1.50401 , 

1.50667 

48.76 

.4 

1.54008 

1.54280 

51.02 

93.5 

1.50472 

1.50738 

48.81 

98.5 

1.54081 

1 . 54353 

51.06 

.6 

1 . 50543 

1.50810 

48.85 

.6 

1.54154 

1 . 54426 

51.10 

.7 

1.50615 i 

1.50881 

48.90 

.7 

1.54227 

1 . 54499 

61.15 

.8 

1.50686 

1.50952 

48.94 

.8 

1.54300 

1 . 54573 

61 19 

.9 

1.50757 

1.51024 

48.99 

.9 

1.54373 

1.54646 

5i!24 

94.0 

1.50829 

1.51096 

49.03 

99.0 

1.54446 

1.54719 

61.28 

.1 

1.50900 

1.51167 

49.08 

.1 

1 . 54519 

’ 1 . 54793 

51 33 

.2 

.3 

.4 

1.50972 

1.51044 

1.51115 

1.51239 
1.51311 
1-. 51382 

49.12 

49.17 

49.22 

.2 

.3 

.4 

1.54593 

1.54666 

1.54739 

1.54866 

1.54939 

1.55013 

51 137 
51.42 
51,46 

94.5 

.6 

.7 

.8 

.9 

1.51187 

1.51258 

1.51330 

1.51402 

1.51474 

1.51454 

1.51526 

1.51598 

1.51670 

1.51742 

49.26 

49.31 

49.35 

49.40 

49.44 

99.5 

.6 

.7 

.8 

.9 

1.54813 

1.54886 

1.54960 

1.55033 

1.55106 

1.55087 

1.55160 

1.55234 

1.66307 

1.55381 

51.60 

51.55 

51.59 

51.64 

51.68 





100.0 

1.55180 

1.55454 

51.73 







TABLE 32 

Tbmpebatube Gobbbctions to Rbadings of Saccharombtebs (Standard at 20^ C.)* 

(This table is calculated using the data on thermal expansion of sugar solutions by Plato, f assuming the instrument to be of Jena 
l^ 0 in glass. The table should be used with caution and only for approximate results when the temperature differs much from the standard 
temperature or from the temperature of the surrounding air.) 
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* From Circular No. 19, 1914, U. S. Bureau of Standards, p. 25. 
t Wiss. Abh. der Kaiserlichen Normal-Eichungs-lECommission, 2, p. 140, 1900. 
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TABLE 32 — Continued 
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TABLS 83 

Showing the Wbiqbt pbb Cubic Foot a2o> U. S. Gallon (231 Cu. In.) and Solids 
(Bbix) of Sugab SoLtmoKS at 17 H** C. 

(Based upon Stammer’s Table, p. 451. Recalculated 1928 to Water Weight of 
62.28 pounds per cubic foot at 17 H** O,) 


De- 

gree 

Brix 

Weight of 

Solids 
(Biix) per 

De- 

gree 

Brix 

Weight of 

Solids 
(Brix) per 

1 Cu. Ft. 

IGal. 

1 Cu. Ft. 

IQal. 

1 Cu. Ft. 

IGal. 

fm 

IGal. 


Lbs. 

Lbs. 

Lbs. 

Lb. 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

1.0 

62.52 

8.36 

0.63 

0.08 

11.0 

65.04 

8.70 

7.15 

0.96 

.2 

62.57 

8.36 

0.75 

0.10 

.2 

65.09 

8.71 

7.29 

0.97 

.4 

62.62 

8.37 

0.88 

0.12 

.4 

65.14 

8.72 

7.48 

0.99 

,6 

62.67 

8.38 

1.00 

0.14 

.6 

65.20 

8.72 

7.56 

l.Ol 

.8 

62.72 

8.38 

1.13 

0.16 

.8 

65.25 

8.73 

7.70 

1.03 

8.0 

62.77 

8.39 

1.26 

0.17 

12.0 

65.30 

8.74 

7.84 

1.05 

.2 

62.81 

8.40 

1.38 

0.18 

.2 

65.36 

8.74 

7.91 

1.06 

.4 

62.86 

8.41 

1.51 

0.20 

.4 

65.41 

8.74 

8.11 

1.08 

.6 

62.91 

8.42 

1.64 

0.22 

.6 

65.46 

8.75 

8.25 

1.10 

.8 

62.96 

8.42 

1.76 

0.24 

.8 

65.51 

8.76 

8.39 

1.12 

8.0 

63.01 

8.43 

1.89 

0.25 

18.0 

65.57 

8.77 

8.52 

1.14 

.2 

63.06 

8.44 

2.02 

0.27 

.2 . 

65.62 

8.77 

8.66 

1.16 

.4 

63.11 

8.44 

2.15 

0.29 

.4 

65.67 

8.78 

8.80 

1.18 

.6 

63.16 

8.45 

2.27 

0.30 

.6 

65.73 

8.79 

8.94 

1.20 

.8 

63.21 

8.46 

2.40 

0.32 

.8 

65.78 

8.80 

9.08 

1.21 

4.0 

63.26 

8.46 

2.53 

0.34 

14.0 

65.83 

8.80 

9.22 

1.23 

.2 

63.31 

8.47 

2.66 

0.36 

.2 

65.89 

8.81 

9.36 

1.25 

.4 

63.36 

8.48 

2.79 

0.87 

.4 

65.94 

8.82 

9.50 

1.27 

.6 

63.41 

8.48 

2.92 

0.39 

.6 

65.99 

8.82 

9.63 

1.29 

.8 

63.46 

8.49 

3.05 

0.41 

.8 

66.05 

8.83 

9.78 , 

1.31 

0.0 

63.51 

8.50 

3.18 

0.43 

15.0 

66.10 

8.84 

9.92 

1.33 

.2 

63.56 

8.50 

3.31 

0.44 

.2 

66.15 

8.84 

10.05 

1.34 

.4 

63.61 

8.51 

3.43 

0.46 

.4 

66.21 

8.85 

10.20 

1.36 

.6 

63.66 

8.52 

3.56 

0.48 

.6 

66.26 

8.86 

10.34 

1.38 

.8 

63.71 

8.52 

3.70 

0.49 

.8 

66.32 

8.87 

10.48 

1.40 

6.0 

63.76 

8.53 

3.83 

0.51 

16.0 

66.37 

8.87 

10.62 

1.42 

.2 

63.81 

8.54 

3.96 

0.53 

.2 

66.42 

8.88 

10.76 

1.44 

.4 

63.86 

8.54 

4.09 

0.55 

.4 

66.48 

8.89 

10.90 

1.46 

.6 

63.91 

8.55 

4.22 

0.56 

.6 

66.53 

8.89 

11.04 

1.48 

.8 

63.96 

8.56 

4.35 

0.58 

.8 

66.59 

8.90 

11.19 

1.50 

7.0 

64.01 

8.56 

4.48 

0.60 

17.0 

66.64 

8.91 

11.33 

1.51 

.2 

64.06 

8.57 

4.61 

0.62 

.2 

66.70 

8.92 

11.47 

1.53 

.4 

64.11 

8.58 

4.74 

0.63 

.4 

66.75 

8.92 

11.61 

1.55 

.6 

64.16 

8.58 

4.88 

0.65 

.6 

66.80 

8.93 

11.76 

1.57 

.8 

64.21 

8.59 

5.01 

0.67 

.8 

66.86 

8.94 

11.90 

1.59 

s.o 

64.26 

8.60 

5.14 

0.69 

18.0 

66.91 

8.94 

12.04 

1.61 

.2 

64.32 

8.61 

5.27 

0.70 

.2 

66.97 

8.95 

12.19 

1.63 

.4 

64.37 

8.61 

5.41 

0.72 

.4 

67.02 

8.96 

12.33 

1.65 

.6 

64.42 

8.62 

5.54 

0.74 

.6 

67.08 

8.97 

12.48 

1.67 

.8 

64.47 

8.63 

5.67 

0.76 i 

.8 

67.13 

8.97 

12.62 

1.69 

8.0 

64.52 

8.63 

5.81 

0.78 

19.0 

67.19 

8.98 

12.77 

1.71 

.2 

64.57 

8.64 

5.94 

0.79 

.2 

67.25 

8.99 

12.91 

1.73 

.4 

64.62 

8.65 

6.07 

0.81 

.4 

67.30 

9.00 

13.06 

1.75 

.6 

64.68 

8.65 

6.21 

0.83 

.6 

67.36 

9.01 

13.20 

1.76 

.8 

64.73 

8.66 

6.34 

0.85 

.8 

67.41 

9.01 

13.34 

1.78 

10.0 

64.78 

8.67 

6.48 

0.87 

20.0 

67.47 

9.02 

13.49 

1.80 

.2 

64.83 

8.67 

6.61 

0.88 

.2 

67.52 

9.03 

13.64 

1.82 

.4 

64.88 

8.68 

6.75 

0.90 

.4 

67.58 

9.03 

13.79 

1.84 

.6 

64.94 

8.69 

6.88 

0.92 

.6. 

67.64 

9.04 

13.93 

1.86 

.8 

64.99 

8.70 

7.02 

0.94 

.8 

67.69 

9.05 

14.08 

1.88 
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TABLE 33 — Continued 

Showing the Weight pbb Cubic Foot and TJ. S. GadijOn (231 Cu. In.) and Solids 
(Bbix) of Sugar Solutions at 17 34° C. 

(Based upon Stammer’s Table, p. 451. Recalculated 1928 to Water Weight of 
62.28 pounds per cubic foot at 17 34 C.) 


De- 

gree 

Brix 

Weight of 

SoHds 
(Br^ per 

n 

Weight of 

Solids 
(Brlx) per 

1 Cu. Ft. 

IGal. 

ism 

IGal. 






Lbs. 

Lbs. 

Lbs. 

Lbs. 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

21.0 

67.75 

9.06 

14.23 

1.90 

81.0 

70.66 

9.45 

21.90 

2.93 

.2 

67.80 

9.06 

14.37 

1.92 

.2 

70.72 

9.45 

22.06 

2.95 

.4 

67.86 

9.07 

14.52 

1.94 

.4 

70.78 

9.46 

22.22 

2.97 

.6 

67.92 

9.08 

14.67 

1.96 

.6 

70.84 

9.47 

22.39 

2.99 

.8 

67.97 

9.09 

14.82 

1.98 

.8 

70.90 

9.48 

22.55 

3.01 

22.0 

68.03 

9.09 

14.97 

2.00 

82.0 

70.96 

9.49 

22.71 

3.04 

.2 

68.09 

9.10 

15.12 

2.02 

.2 

71.02 

9.49 

22.87 

3.06 

.4 

68.14 

9.11 

15.26 

2.04 

.4 

71.08 

9.50 

23.03 

3.08 

• .6 

68.20 

9.12 

15.41 

2.06 

.6 

71.14 

9.51 

23.19 

3.10 

.8 

68.26 

9.12 

15.56 

2.08 

.8 

71.20 

9.52 

23.35 

3.12 

28.0 

68.31 

9.13 

15.71 

2.10 

88.0 

71.26 

9.53 

23.52 

3.14 

.2 

68.37 

9.14 

15.86 

2.12 

.2 

71.32 

9.53 

23.68 

3.17 

.4 

68.43 

9.15 

16.01 

2.14 

.4 

71.39 

9.54 

23.84 

3.19 

.6 

68.48 

9.15 

16.16 

2.16 

.6 

71.45 

9.55 

24.01 

3.21 

.8 

68.54 

9.16 

16.31 

2.18 

.8 

71.51 

9.56 

24.17 

3.23 

4M.0 

68.60 

9.17 

16.46 

2.20 

84.0 

71.57 

9.57 

24.33 

3.25 

.2 

68.66 

9.18 

16.62 

2.22 

.2 

71.63 

9.58 

24.50 

3.28 

.4 

68.71 

9.18 

16.77 

2.24 

.4 

71.69 

9.58 

24.66 

3.30 

.6 

68.77 

9.19 

16.92 

2.26 

.6 

71.75 

9.59 

24.83 

3.32 

.8 

68.83 

9.20 

17.07 

2.28 

.8 

71.82 

9.60 

24.09 

3.34 

■ 28.0 

68.89 

9.21 

17.22 

2.30 

85.0 

71.88 

9.61 

25.16 

3.36 

.2 

68.94 

9.22 

17.37 

2.32 

.2 

71.94 

9.62 

25.32 

3.39 

.4 

60.00 

9.22 

17.53 

2.34 

.4 

72.00 

9.63 

25.49 

3.41 

.6 

69.06 

9.23 

17.68 

2.36 

.6 

72.06 

9.63 

25.55 

3.42 

.8 

69.12 

9.24 

17.83 

2.38 

.8 

72.13 

9.64 

25.82 

3.45 

26.0 

69.18 

9.25 

17.99 

2.41 

86.0 

72.19 

9.65 

25.99 

3.47 

.2 

69.23 

9.25 

18.14 

2.43 

.2 

72,25 

9.66 

26.15 

3.50 

.4 

69.29 

9.26 

18.29 

2.45 

.4 

72.31 

9.67 

26.32 

3.52 

-6 

69.35 

9.27 

18.45 

2.47 

.6 

72.38 

9.68 

26.49 

3.54 

.8 

69.41 

9.28 

18.60 

2.49 

.8 

72.44 

9.69 

26.66 

3.56 

27.0 

69.47 

9.28 

18.76 

2.51 

87.0 

72.50 

^ 9.69 

26.83 

3.59 

.2 

69.53 

9.29 

18.91 

2.53 

.2 

72.56 

9.70 

26.99 

3.61 

.4 

69.58 

9.30 

19.06 

2.55 

.4 

72.63 

9.71 

27.16 

3.63 

.6 

69.64 

9.31 

19.22 

2.57 

.6 

72.69 

9.72 

27.33 

3.65 

.8 

69.70 

9.32 

19.38 

2.59 

.8 

72.75 

9.73 

27.50 

3.68 

28.0 

69.76 

9.32 

19.53 

2.61 

88.0 

72.82 

9.74 

27.67 

3.70 

.2 

69.82 

9.33 

19.69 

2.63 

.2 

72.88 

9.74 

27.84 

3.72 

.4 

69.88 

9.34 

19.85 

2.65 

.4 

72.94 

9.75 

28.01 

3.74 

.6 

69.94 

9.35 

20.00 

2.67 

.6 

73.01 

9.76 

28.18 

3.77 

.8 

70.00 

9.36 

20.16 

2.70 

.8 

73.07 

9.77 

28.85 

3.79 

29.0 

70.06 

9.36 

20.32 

2.72 

89.0 

73.14 

9.78 

28.52 

3.81 

.2 

70.12 

9.37 

20.48 

2.74 

.2 

73.20 

9.79 

28.69 

3.84 

.4 

70.18 

0.38 

20.63 

2.76 

.4 

73.26 

9.80 

28.86 

3.86 

.6 

70.24 

9.39 

20.79 

2.78 

.6 

73.33 

9.80 

29.04 

3.88 

.8 

70.30 

9.40 

20.95 

2.80 

.8 

73.39 

9.81 

29.21 

3.91 

80.0 

70.36 

9.40 

21.11 

2.82 

40.0 

73.45 

9.82 

29.38 

3.93 

.2 

70.42 

9.41 

21.27 

2.84 

.2 

73.52 

9.83 

.29.56 

3.95 

.4 

70.48 

9.42 

21.43 

2.86 

.4 

73.58 

9.84 

29.73 

3.97 


70.54 

9.43 

21.59 

2.89 

.6 

73.65 

9.85 

29.90 

4.00 

.8 

70.60 

9.44 

21.74 

2.91 

.8 

78.71 

9.86 

30.07 

4.02 
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TABLE 33 — Continued 

SHOwma TRB Weight peb Cubic Foot akb XT. S. Gallon (231 Cu. In.) and Solids 
(Brix) op Sugar Solutions at 17 C. 

(Based upon Stammer’s Table, p. 461. Eecalculated 1928 to Water Weight of 
62.28 pounds per cubic foot at 17 W C.) 


De- 

gree 

Weight of 

Solids 
(Brix) per 

De- 

eree 

Weight of 

SoUds 
(Brix) per 

Brix 



1 Cu. Ft. 

IGal. 

IB 



1 Cu. Ft. 

1 GaL 

41.0 

Lbs. 

73.78 

Lbs. 

9.86 

Lbs. 

30.25 

Lbs. 

4.04 

51.0 

Lbs. 

77.12 

Lbs. 

10.31 

Lbs. 

39.33 

Lbs. 

6.26 

.2 

73.84 

9.87 

30.42 

4.07 

.2 

77.19 

10.32 

39.52 

6.28 

.4 

73.91 

9.88 

30.60 

4.09 

.4 

77.26 

10.33 

39.71 

6.31 

.6 

73.97 

9.89 

30.77 

4.11 

.6 

77.33 

10.34 

39.90 

6.33 

.8 

74.04 

9.90 

30.95 

4.14 

.8 

77.40 

10.35 

40.09 

6.36 

42.0 

74.10 

9.91 

31.12 

4.16 

52.0 

77.47 

10.36 

40.28 

6.38 

.2 

74.17 

9.92 

31.30 

4.18 

.2 

77.64 

10.37 

40.48 

6,41 

.4 

74.23 

9.93 

31.47 

4.21 

.4 

77.61 

10.38 

40.67 

6.44 

.6 

74.30 

9.93 

31.65 

4.23 

.6 

77.68 

10.38 

40.86 

6.46 

.8 

74.36 

9.94 

31.83 

4.26 

.8 

77.76 

10.39 

41.05 

6.49 

43.0 

74.43 

9.95 

32.00 

4.28 

58.0 

77.82 

10.40 

41.24 

6,61 

.2 

74.49 

9.96 

32.18 

4.30 

.2 

77.89 

10.41 

41.44 

6.54 

.4 

74.56 

9,97 

32.36 

4.33 

.4 

77.96 

10.42 

41.63 

6.67 

.6 

74.63 

9.98 

32.54 

4.35 

.6 

78.03 

10.43 

41.82 

6.59 

.8 

74.69 

9.98 

32.71 

4.37 

.8 

78.10 

10.44 

42.02 

6.62 

44.0 

74.76 

9.99 

32.89 

4.40 

54.0 

78.17 

10.45 

42.21 

6.64 

.2 

74.82 

10.00 

33.07 

4.42 

.2 

78.24 

10.46 

42.41 

6.67 

.4 

74.89 

10.01 

33.25 

4.45 

.4 

78.32 

10.47 

42.61 

6.70 

.6 

74.96 

10.02 

33.43 

4.47 

.6 

78.38 

10.48 

42.80 

6.72 

.8 

75.02 

10.03 

33.61 

4.49 

.8 

78.46 

10.49 

42.99 

6.76 

46.0 

76.09 

10.04 

33.79 

4.52 

55.0 

78.63 

10.50 

43.19 

6.77 

.2 

76.16 

10.06 

33,97 

4.54 

.2 

78.60 

10.51 

43.39 

6.80 

.4 

76.22 

10,06 

34.15 

4.67 

.4 

78.67 

10.62 

43.58 

5.83 

.6 

75.29 

10.07 

34.33 

4.59 

.6 

78.74 

10.53 

43.78 

6.85 

.8 

75.35 

10.07 

34.51 

4.61 

.8 

78.81 

10.64 

43.98 

6.88 

46.0 

75.42 

10.08 

34.69 

4.64 

50.0 

78.88 

10.66 

44.17 

5.91 

.2 

75.49 

10.09 

34.88 

4.66 

.2 

78.96 

10.55 

44.37 

6.93 

.4 

75.65 

10.10 

35.06 

4.69 

.4 

79.03 

10.67 

44.57 

6.96 

.6 

76.62 

10.11 

35.24 

4.71 

.6 

79.10 

10.67 

44.77 

5.99 

.8 

76.69 

10.12 

35.42 

4.74 

.8 

79.17 

10.68 

44.97 

6.01 

47.0 

75.76 

10.13 

36.61 

4.76 

57.0 

79.24 

10.69 

46.17 

6.04 

.2 

75.82 

10.14 

36.79 

4.78 

.2 

79.31 

10.60 

45.37 

6.07 

.4 

76.89 

10.15 

35.97 

4.81 

.4 

79.38 

10.61 

45.66 

6.09 

.6 

75.96 

10.16 

36.16 

4.83 

.6 

79.46 

10.62 

45.77 

6.12 

.8 

76.03 

10.16 

36.34 

4.86 

.8 

79.53 

10.63 

45.97 

6.16 

48.0 

76.09 

10.17 

36.52 

4.88 

58.0 

79.60 

10.64 

46.17 

6.17 

.2 

76.16 

10.18 

36.71 

4.91 

.2 

79.68 

10.65 

46.37 

6.20 

.4 

76.23 

10.19 

36.90 

4.93 

.4 

79.75 

10.661 

46.57 

6.23 

.6 

76.30 

10.20 

37,08 

4.96 

.6 

79.82 

10.67 

46.77 ! 

6.26 

.8 

76.37 

10.21 

37.27 

4.98 

.8 

79.89 

10.68 

46.98 

6.28 

49.0 

76.43 

10.22 

37.45 

5.01 

59.0 

79.97 

10.69 

47.18 

6.31 

.2 

76.60 

10.23 

37.64 

5.03 

.2 

80.04 

10.70 

47.38 

6.33 

.4 

76.57 

10.24 

37.83 

5.06 

.4 

80.11 

10.71 

47.59 

6.36 

.6 

76.64 

10.25 

38.01 

5.08 

.6 

80.19 

10.72 

47,79 

6.39 

.8 

76.71 

10.26 

38.20 

5.11 

.8 

80.27 

10.73 

48.00 

6.42 

60.0 

76.78 

10.26 

38.39 

5.13 

60.0 

80.33 

10,74 

48.20 

6.44 

.2 

76.85 

10.27 

38.58 

5.16 

.2 

80.41 

10.76 

48.41 

6.47 

.4 

76.92 

10.28 

38.77 

5.18 

.4 

80.48 

10.76 

48.61 

6.60 

.6 

76.98 

10.29 

38.95 

6.21 

.6 

80.55 

10.77 

48.81 

6.63 

.8 

77.05 

10.30 

39.14 

5.23 

.8 

80.63 

10.78 

49.02 

6.56 
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TABLE ZZ—<lontinued 


TABLE 33 — Continued 

Sbowinto thb Weight pbb Cubic Foot and U. S. Gallon (231 Cu. In.) an© Solids 
(Bbix) op Sugab Solutions at 17 C. 

(Baaed upon Stainmer*s Table, p. 451. Recalculated 1928 to Water Weight of 
62.28 pounds per cubic foot at 17 H C.) 


De- 

Weight of 

SoUds 
(Brix) per 

De- 

gree’ 

Weight of 

Solids 
(Brix) per 


BH 

BiWII 

1 Cu. Ft. 

iGal. 

Brix 

1 Cu. Ft. 




61.0 

Lbs. 

80.70 

Lbs. 

10.79 

Lbs. 

49.23 

Lbs. 

6.58 

71.0 

Lbs. 

84.53 

Lbs. 

11.30 

Lbs. 

60.02 

Lbs. 

8.02 

.2 

80.78 

10.80 

49.44 

6.61 

.2 

84.61 

11.31 

60.24 

8.05 

.4 

80.85 

10.81 

49.64 

6.64 

.4 

84.68 

11.32 

60.46 

8.08 

.6 

80.93 

10.82 

49.86 

6.66 

.6 

84.76 

11.33 

60.69 

8.11 

.8 

81.00 

10.83 

50.06 

6.69 

.8 

84.84 

11.34 

60.92 

8.14 

62.0 

81.07 

10.84 

50.26 

6.72 

72.0 

84.92 

11.35 

61.14 

8.17 

,2 

81.15 

10.85 

50.48 

6.75 

.2 

85.00 

11.36 

61.37 

8.20 

.4 

81.22 

10.86 

50.68 

6.78 

.4 

85.08 

11.37 

61.60 

8.24 

.6 

81.30 

10.87' 

50.89 

6.80 

.6 

85.16 

11.38 

61.83 

8.27 

.8 

81.37 

10.88 

51.10 

6.83 

.8 

85.24 

11.40 

62.05 

8.30 

63.0 

81.45 

10.89 

51.31 

6.86 

78.0 

85.32 

11.41. 

62.28 

8.33 

.2 

81.52 

10.90 

51.52 

6.89 

,2 

85.40 

11.42 

62.51 

8.36 

.4 

81.60 

10.91 

51.73 

6.92 

.4 

85.48 

11.43 

62.74 

8.39 

.6 

81.67 

10.92 

51.94 

6.94 

.6 

85.56 

11.44 

62.97 

8.42 

.8 

81.75 

10.93 

52.16 

6.97 

.8 

85.64 

11.45 

63.20 

8.45 

64.0 

81.82 

10.94 

52.36 


74.0 

85.72 

11.46 

63.43 

8.48 

.2 

81.90 

10.95 

52.58 

7.03 

.2 

85.80 

11.47 

63.66 

8.51 

.4 

81.98 

10.96 

52.80 

7.06 

.4 

85.88 

11.48 

63.89 

8.54 

.6 

82.05 

10.97 

53.00 

7.09 

.6 

85.96 

11.49 

64.13 

8.57 

,8 

82.13 

10.98 

53.22 

7.11 

.8 

86.04 

11.50 

64.36 

8.60 

65.0 

82.20 

10.99 

52.43 

7.14 

75.0 

86.13 

11.51 

64.60 

8.64 

.2 

82.28 

11,00 

53.65 

7.17 

.2 

86.21 

11.53 

64.83 

8.67 

.4 

82.35 

11.01 

53.86 

7.20 

.4 

86.29 

11.54 

65.06 

8.70 

.6 

82.43 

11.02 

54.07 

7.23 

i .6 

86.37 

11.55 

65.30 

8.73 

.8 

82.51 

11.03 

54.29 

7.26 

i ' 

86.45 

11.56 

65.53 

8.76 

66.0 

82.58 

11.04 

54.50 

7.29 


86.53 

11.57 

65.76 

8.79 

.2 

82.66 

11.05 

54.72 

7.32 


86.61 

11.58 

66.00 

8.82 

.4 

82.74 

11.06 

54.94 

7.34 


86.69 

11.69 

66.23 

8.85 

.6 

82.81 

11.07 

55.15 

7.37 


86.78 

11.60 

66.47 

8.89 

.8 

82.89 

11.08 

55.37 

mm 


86.86 

11.61 

66.70 

8.92 

67.0 

82.97 

11.09 

55.59 

7.43 

Em 

86.94 

11.62 

66.94 

8.95 

.2 

83.04 

11.10 

55.80 

7.46 

.2 

87.02 

11.63 

67.18 

8.98 

.4 

83.12 

11.11 

56.02 

7.49 

.4 

87.10 

11.64 

67.42 

9.01 

.6 

-83.20 

11.12 

56.24 

7.52 

.6 

87.19 

11.66 

67.66 

9.05 

.8 

83.28 

11.13 

56.46 

7.55 

.8 

87.27 

11.67 

67.90 

9.08 

66.0 

83.35 

11.14 

56.68 

7.58 


87.35 

11.68 

68.13 

9.11 

.2 

83.43 

11.15 

56.90 

7.61 


87.43 

11.69 

69.37 

9.14 

.4 

83.51 

11.16 

57.12 

7.64 


87.52 

11.70 

68.62 

9.17 

.6 

83.59 

11.18 

57.34 

7.67 


87.60 

11.71 

68.85 

9.20 

.8 

83.66 

11.18 

57.56 

7.70 


87.68 

11.72 

69.09 

9.24 

66.0 

83.73 

11.19 

57.77 

7.72 

ESI 

87.76 

11.73 

69.37 

9.27 

.2 

83.82 

11.21 

58.00 

7.75 

.2 

' 87.85 

11.74 

69.58 

9.30 

.4 

83.90 

11.22 

58.23 

7.78 

.4 

87.93 

11.76 

69.82 

9.33 

.6 

83.98 

11.23 

58.45 

7.81 

.6 

88.01 

11.77 

70.06 

9.37 

.8 

84.05 

11.24 

58.67 

7.84 

8 

88.10 

11.78 

70.30 

9.40 

70.0 

84.12 

11.25 

58.88 

7.87 

80.0 

88.18 

11.79 

70.54 

9.43 

.2 

84.21 

11.26 

59.12 

7.90 

.2 

88.26 

11.80 

70.78 

9.46 

.4 

84.29 

11.27 

59.34 

7.93 

.4 

88.35 

11.81 

71.08 

9,50 

.6 

84.37 

11.28 

59.57 

7.96 

.6 

88.43 

11.82 

71.27 

9.53 

•8 

84.45 

11.29 

59.79 

7.99 

.8 

88.51 

11.88 

71.52 

9.56 
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TABLE ZZ^Cmtirmd 

Showing thb Weight pbb Cubic Foot and U. S. Gallon (231 Cu. In.) aito Solids 
(Bbix) of Sugab Solutions at 17 C. 

(Based upon Stammer’s Table, p, 451. Recalculated 1928 to Water Weight of 
62.28 pounds per cubic foot at 17 C.) 


De- 

gree 

Weight of 

Solids 
(Brix) per 



Solids 
(Brix) per 

Brix 

1 Cu. Ft. 

iGal. 

1 Cu. Ft. 

IGal 


1 Cu. Ft. 

IGal. 

1 Cu. Ft. 

IGal. 

8X.0 

Lbs. 

88.60 

Lbs. 

11.84 

Lbs. 

71.77 

Lbs. 

9.59 

89.0 

Lbs. 

92.04 

Lbs. 

12.30 

Lbs. 

81.93 

Lbs. 

10.95 

.2 

88.68 

11.86 

72.01 

9.63 

.2 

92.12 

12.32 

82.17 

10.99 

.4 

88.77 

11.87 

72.26 

9.66 

.4 

92.21 

12.33 

.82.44 

Bf iPvM 

.6 

88.86 

11.88 

72.50 

9.69 

.6 

92.30 

12.34 

82.70 


.8 

88.93 

11.89 

72.74 

9.72 

.8 

92.39 

12.35 

82.97 

liBU 

82.0 

89.02 

11.90 

73.00 

9.76 

90.0 

92.48 

12.36 

83.23 

11.13 

.2 

89.10 

11.91 

73.24 

9.79 

.2 

92.57 

12.38 

83.50 

11.16 

.4 

89.19 

11.92 

73.49 

9.82 

.4 

92.65 

12.39 

83.76 

Wfmm 

.6 

89.27 

11.93 

73.74 

9.86 

.6 

92.74 

12.40 

84.02 

11.23 

.8 

89.36 

11.95 

73.99 

9.89 

.8 

92.83 

12.41 

84.29 

11.27 

83.0 

89.44 

11.96 

74.24 

9.93 

91.0 

92.92 

12.42 

84.56 

11.30 

.2 

89.53 

11.97 

74.49 

9.96 

.2 

93.01 

12.43 

84.83 

11.34 

.4 

89.61 

11.98 

74.73 

9.99 

.4 

93.10 

12.45 

85.09 

11.38 

.6 

89.70 

11.99 

74.99 

10.03 

.6 

93.19 

12.46 

85.36 

11.41 

.8 

89.78 


75.24 

10.06 

.8 

93.28 

12.47 

86.63 

11.45 

84.0 

89.87 

12.01 

75.49 

10,09 

92.0 

93.37 

12.48 

85.90 

11.48 

.2 

89.95 

12.03 

75.74 

10.13 

.2 

93.46 

12.49 

86.17 

11.52 

.4 

90.04 

12.04 

75.99 

10.16 

.4 

93.55 

12.50 

86.44 

11.56 

.6 

90.13 

12.05 

76.25 

10.19 

.6 

93.64 

12.52 

86.71 

11.59 

.8 

90.21 

12.06 

76.50 

10.23 

.8 

93.73 

12.53 

86.98 

11.63 

86.0 

90.30 

12.07 

76.76 

10.26 

93.0 

93.82 

12.54 

87.25 

11.66 

.2 

90.38 

12.08 

77.00 

10.29 

.2 

93.91 

12.55 

87.52 

wukm 

.4 

90.47 

12.09 

77.26 

10.33 

.4 

94.00 

12.57 

87.80 

11.74 

.6 

90,56 

12.11 

77.52 

10.36 

.6 

94.09 

12.58 

88.07 

11.77 

.8 

90.64 

12.12 

77.77 

10.40 

.8 

94.18 

12.59 

88.34 

11.81 

86.0 

90.73 

12.13 

78.03 

10.43 

94.0 

94.27 

12.60 

88.60 

11.84 

.2 

90.81 

12.14 

78.28 

10.47 

.2 

94.36 

12.61 

88.89 

11.88 

.4 

90.90 

12.15 

78.54 

10.50 

.4 

94.45 

12.63 

89.15 

11.92 

.6 

90.99 

12.16 

78.80 

10.53 

.6 

94.54 

12.64 

89.43 

11.96 

.8 

91.08 

12.18 

79.06 

10.57 

.8 

94.63 

12.65 

89.71 

11.99 

87.0 

91.16 

12.19 

79.31 

10.60 

95.0 

94.72 

12.66 

89.98 


.2 

91.25 

12.20 

79.57 

10.64 

.3 

94.81 

12.68 

90.26 

12.07 

.4 

91.34 

12.21 

79.83 

10.67 

.4 

94.90 

12.69 

90.53 

12.10 

.6 

91.42 

12.22 

80.08 


.6 

94.99 

12.70 

90.81 

12.14 

.8 

91.51 

12.23 

80.34 


.8 

95.08 

12.71 

91.09 

12.18 

88.0 

91.60 

12.25 

80.61 

10.78 

96.0 

95.17 

12.72 

91.36 

12.21 

.2 

91.69 

12.26 

80.87 

10.81 

.2 

95.26 

12.74 

91.64 

12.25 

.4 

91.77 

12.27 

81.12 

10.84 

.4 

95.35 

12.75 

91.92 

12.29 

.6 

91.86 

12.28 

81.39 

10.88 

.6 

95.44 

12.76 

92.20 

12.33 

.8 

91.95 

12.29 

81.65 

10.92 

.8 

95.53 

12.77 

92.47 

12.36 
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TABLE 33A 


TABLE 33A 

Weights peb TJ. S. GaUjOK and Weights pbb Cubic Foot op Sugar (Sucbose) 
Solutions at 20® C. 

This table is based on the density value of Plato for solutions of cane sugar. The 
Baum3 values are from the table of Bates and Bearce. The weights are for brass 
weights, density 8.4. One U. S. gallon, 231 cubic inches. One pound, av. 453.5924 
grams. One U. S. gallon of water weighs 3778.649 grams (8,33049 pounds av.) 
in vacuo. 


Per 

Cent 

Sucrose 

by 

Weight 

(Brlx) 

Weight per 
Gallon in Air 

Weight per 
Gallon in vacuo 

Weight 
per 
Cubic 
Foot 
in Air 
Pounds 

Specific 
Gravity 
20*/4® C. 

Specific 

Gravity 

20®/20®C. 

|i2 

> 

B 

Gms. 

Lbs. 

Gms. 

0 

8.322 

3774.6 

8.330 

3778.6 

62.25 

0.99823 

1.00000 


1 

8.354 

3789.3 

8.363 

3793.3 

62.49 

1.00212 

1.00389 

0.56 

2 

8.387 

3804.1 

8.395 

3808.1 

62.74 

1.00602 

1.00779 

1.12 

3 

8.419 

3818.9 

8.428 

3822.9 

62.98 

1.00993 

1.01172 

1.68 

4 

8.452 

3833.9 

8.461 

3837.9 

63.23 

1.01388 

1.01567 

2.24 

5 

8.485 

3848.9 

8.494 

3852.9 

63.48 

1.01785 

1.01965 

2.79 

6 

8.519 

3864.1 

8.528 

3868.1 

63.73 

1.02186 

1.02366 

3.35 

7 

8.552 

3879.3 

8.561 

3883.3 

63.98 

1.02588 

1.02770 

3.91 

8 

8.586 

3894.7 

8.595 

3898.7 

64.23 

1.02994 

1.03176 

4.46 

9 

8.620 


8.629 

3914.2 

64.49 

1.03403 

1.03586 

5.02 

10 

8.655 

3925.7 

8.664 

3929.7 

64.74 

1.03814 

1.03998 

5.57 

11 

8.689 

3941.4 

8.698 

3945.4 

65.00 

1.04229 

1.04413 

6.13 

12 

8.724 

3957.2 

8.733 

3961.2 

65.26 

1.04646 

1.04831 

6.68 

13 

8.759 

3973.1 

8.768 

3977.1 

65.52 

1.05066 

1.05252 

7.24 

14 

8.795 

3989.2 

8.803 

3993.2 

65.79 

1.05490 

1.05677 

7.79 

15 

8.830 

4005.3 

8.839 

4009.3 


1.05916 

1.06104 

8.34 

16 

8.866 

4021.6 

8.875 

4025.5 

66.32 

1.06346 

1.06534 

8.89 

17 

8.902 

4038.0 

8.911 

4041.9 

66.59 

1.06779 

1.06968 

9.45 

18 

8.839 

4054.5 

8.947 

4058.4 

66.87 

1.07215 

1.07404 

10.00 

19 

8.975 


8.984 

4075.0 

67.14 

1.07654 

1.07844 

10.55 

20 

9.012 

4087.8 

9.021 

4091.8 

67.42 

1.08096 

1.08287 

11.10 

21 

9.049 

4104.7 

9.058 

4108.6 

67.69 

1.08541 

1.08733 

11.65 

22 

9.087 

4121.7 

9.095 

4125.6 

67.97 

1 . 08990 

1.09183 

12.20 

23 

9.125 

4138.8 

9.133 

4142.8 

68.26 

1.09442 

1.09636 

12.74 

24 

9.163 

4156.0 

9.171 

4160.0 

68.54 

1.09897 

1 . 10092 

13.29 

25 

9.201 

RRn 

9.209 

4177.3 

68.83 

1.10356 

1.10551 

13.84 

26 

9.239 


9.248 

4194.8 

69.11 

1.10818 

1.11014 

14.39 

27 

9.278 

4208.5 

9.287 

4212.4 

69.41 

1.11283 

1.11480 

14.93 

28 

9.317 

4226.2 

9.326 

4230.2 

69.70 

1.11751 

1.11949 

15.48 

29 1 

9.357 

4244.1 

9.365 

4248.0 

69.99 

1.12223 

1.12422 

16.02 

30 

9.396 

4262.1 

9.405 

4266.0 

70.29 

1.12698 

1.12898 

16.57 

31 

9.436 


9.445 

4284.2 

70.59 

1.13177 

1 . 13378 

17.11 

32 

9.477 

4298.5 

9.485 

4302.4 

70.89 

1.13660 

1.13861 

17.65 

33 

9.517 

4316.8 

9.526 

4320.8 

71.19 

1.14145 

1,14347 

18.19 

34 

9.558 

4335.4 

9.566 

4339.3 

71.50 

1.14634 

1.14837 

18.73 

35 

9.599 

4354.0 

9.608 

4358.0 

71.81 

1.15128 

1.15331 

19.28 

36 

9.640 

4372.8 

9.649 

4376.7 

72.12 

1.15624 

1.15828 

19.81 

. 37 

9.682 

4391.8 

9.691 

4395.7 

72.43 

1.16124 

1.16329 

20.35 

38 

9.724 


9.733 

4414.7 

72.74 

1.16627 

1.16833 

20.8! 

) 

39 

9.766 

4430.0 

9.775 

4433.9 

73.06 

1.17134 

1 1.17341 

21.43 

40 

9.809 

4449.3 

9.818 

4453.3 

73.38 

1.17645 

1.17853 

21.97 

41 

9.852 

4468.8 

9.861 

4472.7 

73.70 

1.18159 

1.18368 

22.50 

42 

9.895 

4488.4 

9.904 

4492.3 

74.02 

1.18677 

1.18887 

23.04 

43 

9.939 


9.947 

4512.1 

74,35 

1.19199 

1.19410 

23.57 

44 

9.983 

4528.1 

9.991 

4532.0 

74.68 

1.19725 

1,19936 

24.10 

45 

10.027 

4548.1 

10.035 

4552.0 


1.20254 

1.20467 

24.6: 


46 

10.071 

Km*lrl 

10.080 

4572.2 

75.34 

1.20787 

1.21001 

25.17 

47 

10.116 


10.125 

4592.5 

75.67 

1.21324 

1.21538 

25.70 

48 

10.161 

4609.1 

10.170 

4613.0 


1.21864 

1.22080 

26.23 

49 

10.207 

4629.7 

10.215 

4633.6 

76.35 

1.22409 

1.22625 

26.75 
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TABLE ZdAr-’-Contimed 


Weights pbb U. S. Gallon and Weights per Cttbic Toot op Sugar (Sucrose) 
Solutions at 20® C. 


Per 

Cent 

Sucrose 

i>y 

Weight per 
Gallon in Air 

Weight per 
Gallon in vacuo 

Weight 
per 
Clubic 
Foot 
in Air 
Pounds 

Specific 
Gravity 
20V4® C. 

pacific 

Gravity 

20®/20®C. 

n 

g 

& 

0 

Weight 

(Brlx) 

Lbs. 

Gms. 

Lbs. 

Gms. 

50 

10.252 

4650.4 

10.261 

4654.3 

76.69 

1.22957 

1.23174 

27.28 

51 

10.299 

4671.3 

10.307 

4675.2 

77.04 

1.23508 

1.23727 

27.81 

52 

10.345 

4692.4 

10.353 

4696.3 

77.39 

1.24064 

1.24284 

28.33 

53 

10.392 

4713.5 


4717.4 

77.73 

1.24623 

1.24844 

28.86 

54 

10.439 

4734.9 

10.447 

4738.7 

78.09 

1.25187 

1.25408 

29.38 

55 

10.486 

4756.3 

10.494 

4760.2 

78.44 

1.25764 

1.25976 

29.90 

56 

10,534 

4777.9 

10.542 

4781.8 

78.80 

1.26324 

1.26548 

30.42 

57 

10.581 

4799.7 

10.590 

4803.5 

79.15 

1.26899 

1.27123 

30.94 

58 

10.630 

4821.6 

10.638 

4825.4 

79.52 

1.27477 

1.27703 

31.46 

50 

10.678 

4843.6 

10.687 

4847.6 

79.88 

1.28060 

1.28286 

31.97 

60 

10.727 

4865. S 

10.736 

4869.7 

80.25 

1.28646 

1.28873 

32.49 

61 

10.777 

4888.1 

10.785 

4892.0 

80.61 

1.29235 

1.29464 

33.00 

62 

10.826 

4910.6 

10.835 

4914.5 

80.98 

1.29829 

1.30059 

33.51 

63 

10.876 

4933.2 

10.884 

4937.1 

81.36 

1.30427 

1.30657 

34.02 

64 

10.926 

4956.0 

10.935 

4959.9 

81.73 

1.31028 

1.31260 

34.53 

65 

10.977 

4978.9 

10.985 

4982.8 

82.11 

1.31633 

1.31866 

35.04 

66 

11.027 

5002.0 

11.036 

5005.8 

82.49 

1.32242 

1.32476 

33.55 

67 

11.079 

5025.2 

11.087 


82.87 

1.32855 

1.33090 

36.05 

68 

11.130 

5048.5 

11.139 

5052.4 

83.26 

1.33472 

1.33708 

36.55 

69 

11.182 


11.190 

6076.9 

83.65 

1.34093 

1.34330 

37.06 

70 

11.234 

6095.7 

11.242 

5099.5 

84.04 

1.34717 

1.34956 

37.56 

71 

11.286 

5119.5 

11.295 

5123.3 

84.43 

1.35346 

1.35585 

38.06 

72 

11.339 

5143.4 

11.348 

6147.2 

84.82 

1.35978 

1.36218 

38.55 

73 

11.392 

5167.5 

11.401 

5171.3 

85.22 

1.36614 

1.36856 

39.05 

74 

11.446 

6191.7 

11.454 

5195.5 

85.62 

1.37254 

1.37496 

39.54 

75 

11.499 

5216.1 

11.508 

5219.9 


1.37897 

1.38141 

40.03 

76 

11.554 

5240.6 

11.562 

5244.4 

86.43 

1.38545 

1.38790 

40.5? 

77 

11.608 

5265.2 

11.616 

5269.0 

86.83 

1.39196 

1.39442 

41.01 

78 

11.663 

5290,0 

11.671 

5293.8 

87.24 

1.39850 

1.40098 

41.50 

79 

11.717 

5315.0 

11.726 

5318.8 

87.65 

1.40509 

1.40758 

41.99 

SO 

11.773 

5340.0 

11.781 

5343.8 

88.07 

1.41172 

1.41421 

42.47 

81 

11.828 

5365.2 

11.837 


88.48 

1.41837 

1.42088 

42.95 

82 

11.884 

5390.6 

11.893 

5394.4 

88.90 

1.42507 

1.42759 

43.43 

83 

11.940 

5416.1 

11.949 

5419.9 

89.32 

1.43181 

1.43434 

43.91 

84 

11.997 

5441.7 


5445.5 

89.74 

1.43858 

1.44112 

44.38 

85 

12.054 

5467.5 

12.062 

5471.3 

90.17 

1.44539 

1.44794 

44.86 

86 

12.111 

5493.4 

12.119 

5497.2 

90.60 

1.45223 

1.45480 

45.33 

87 

12.168 

5519.5 

12.177 

5523.3 

91.03 

1.45911 

1.46170 

45.80 

88 

12.226 

5545.6 

12.234 

5549.4 

91.46 

1.46603 

1.46862 

46.27 

89 

12.284 

5572.0 

12.292 

6675.7 

91.89 

1.47299 

1.47559 

46.73 

90 

12.342 

5598.4 

12.351 


92.33 

1.47998 

1.48259 

47.20 

91 

12.401 

5625.1 

12.409 

5628.8 

92.77 

1.48700 

1.48963 

47.66 

92 

12.460 

5651.8 

12.468 

5655.5 

93.21 

1.49406 

1.49671 

48.12 

93 

12.519 

5678.6 

12.627 

5682.4 

93.65 

1.50116 

1.50381 

48.58 

94 

12.579 

5705.7 

12.587 

5709.4 

94.10 

1.50829 

1.51096 

49.03 

95 

12.639 

5732.8 

12.647 

5736.5 

94.54 

1.51546 

1.51814 

49.49 


Kote'.’-^The above table by Snyder and Hammond is included through the Cour- 
tesy of the Bureau of Standards. 
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TABIiE 34 


TABLE 34 

QzBBLIGS* TaBUB fob DbT StTBSTANCB XX StTGAB-BOUSB Pboducts bt Abb£ 
Rbfbactombtbb, at 28® C. 


(Int. Sug. J.» 10, p. 69) 


Index 

Refraction 

Per Cent 
Dry 

Substance 

Decimals 

Decimals 

1.3335 

1 

0.0001 »0. 05 

0.0010-0.75 

1.3349 

2 

0. 0002 -0. 1 

0.0011-0.8 

1.3364 

3 

0.0003 - 0.2 

0.0012-0.8 

1.3379 

4 

0.0004 - 0.25 

0.0013-0,85 

1.3394 

5 

0.0005-0.3 

0.0014-0.9 

1.3409 

6 

0.0006-0.4 

0.0015-1.0 

1.3424 

7 

0.0007-0.5 


1.3439 

8 

0.0008-0.6 


1.3454 

9 

0.0009-0.7 


1.3469 

10 



1.3484 


0.0001-0.05 


1.3500 

12 

0.0002-0.1 


1.3516 


0.0003 - 0.2 


1.3530 

14* 

0.0004-0.25 


1.3546 

15 

0.0005 = 0.3 


1.3562 

16 . 

0.0006-0.4 


1.3578 

17. 

0.0007-0.45 


1.3594 

18 

0.0008 - 0.5 


1.3611 

19 

0.0009 = 0.6 


1.3627 

20 

0.0010-0.65 


1.3644 

21 

0.0011 = 0.7 


1.3661 

22 

0,0012-0.75 


1.3678 

23 

0.0013 = 0.8 


1.3695 

24 

0.0014-0.85 


1.3712 

25 

0.0015-0.9 


1.3729 

26 

0.0016-0.95 


1.3746 

27 

0.0001-0.05 

0.0012-0.6 

1.3764 

28 

0.0002 = 0.1 

0.0013-0.65 

1.3782 

29 

0.0003-0.15 

0.0014-0.7 

1.3800 

30 

0.0004 - 0.2 

0.0015-0.75 

1.3818 

31 

0.0005-0.25 

0.0016-0.8 

1 .3836 

32 

0.0006-0.3 

0.0017 = 0.85 

1.3854 

33 

0.0007-0.35 

I 0.0018-0.9 

1.3872 

34 

0.0008 - 0.4 

0.0019-0.95 

1.3890 

35 

0.0009 - 0,45 

0.0020-1.0 

1.3909 

36 

o.ooio-ois 

0.0021-1.0 

1,3928 

37 

0.0011-0.55 


1.3947 

38 



1.3966 

39 


' 

1.3984 

40 



1.4003 

41 
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TABLE 34— Confo'nifcd 


Gberligs’ Table for Dry Substance in Sugar-house Products, etc. 


Index 

Per Cent 
Dry- 

Substance 

Decimals 

Decimals 

1.4023 

42 

0.0001-0.05 

0.0012-0.6 

1.4043 

43 

0.0002-0.1 

0.0013 = 0.66 

1.4063 

44 

0.0003-0.15 

0.0014-0.7 

1.4083 

45 

0.0004-0.2 

0.0015-0.76 

1.4104 

46 

0.0005-0.25 

0.0016-0.8 

1.4124 

47 

0.0006-0.3 

0.0017-0.85 

1.4145 

48 

0.0007-0.35 

0.0018-0.9 

1.4166 

49 


0.0019-0.96 

1.4186 

60 


0.0020-1.0 

1.4207 

51 


0.0021-1.0 

1.4228 

52 

0.0011-0.55 


1.4249 

53 



1.4270 

54 



1.4262 

55 

0.0001 = 0.05 

0.0013-0.55 

1.4314 

56 

0.0002 - 0.1 

0.0014-0.6 

1.4337 

57 

0.0003-0.1 

0.0015-0.66 

1.4359 

58 

0.0004-0.15 

0.0016-0.7 

1.4382 

59 

0.0006-0.2 

0.0017-0.75 

1.4405 

60 

0.0006 = 0.25 

0.0018-0.8 

1.4428 

61 

0.0007 = 0.3 

0.0019 = 0.85 

1.4451 

62 

0.0008-0.36 

0.0020 = 0.9 

1.4474 


0.0009 = 0.4 

0.0021-0.9 

1.4497 

64 

0.0010-0.46 

0.0022-0.95 

1.4520 

65 

0.0011-0.5 

0.0023-1.0 

1.4543 

66 

0.0012-0.5 

0.0024-1.0 

1.4567 

67 



1.4591 

68 



1.4615 

69 



1.4639 

70 



1.4663 

71 



1.4687 

72 



1.4711 

73 

0.0001-0.0 

0.0015-0.55 

1.4736 

74 

0.0002-0.05 

0.0016-0.6 

1.4761 

75 

0.0003-0.1 

0.0017-0.65 

1.4786 

76 

0.0004-0.15 

0.0018 = 0.65 

1.4811 

77 

0.0005-0.2 

0.0019-0.7 

1.4836 

78 

0.0006 = 0.2 

0.0020 = 0.75 

1.4862 

79 

0.0007-0.26 

0.0021=0.8 

1.4888 

80 

0.0008 = 0.3 

0.0022-0.8 

1.4914 

81 

0.0009-0.35 

0.0023-0.85 

1.4940 

82 

0.0010 = 0.35 

0.0024-0.9 

1.4966 

83 

0.0011-0.4 

0.0025-0.9 

1.4992 

84 

0.0012-0.45 

0.0026 = 0.95 

1.5019 

85 

0.0013-0.6 

0.0027 = 1.0 

1.5046 

86 

0.0014-0.6 

0.0028-1.0 

1.5073 

87 



1.6100 

88 



1.5127 

89 



1.5155 

90 

















































Schmitz’s Tablb (Rbcalcttlated) fob Sucbobb fob ITbb in Hobne’b Dby Lead Method and in Polabizinq Undiluted SoLunoNS 

(This table is arranged after Schmitz, but no allowance is made for variations in the rotatory power of sucrose. The investigations 
of Browne * show such allowance to be unnecessary.) 
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TABLE 36 — Continued 
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TABLE d^Cantirmed 


TABLE 36 — Continued 

Schmitz’s Table (Rbcalcttlatbd) pob Sucrose for TTsb in Horne’s Dry Lead 
Method and in Polarizino Undiluted Solutions 


Pol. 

Bead- 

ing 

Degreea Brix and Per Cents Sucrose 

Pol. 

Read- 

ing 
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21.0 

21.5 
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11.60 

49 

50 

18.03 
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11.68 

11.96 

11.98 

11.90 

11.88 

mm 

11.88 

80 

51 
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51 
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Degrees Briz from 23 to 24 


Tenths of the Polari- 
scope Reading 

Per Cents 
Sucrose 

Tenths of the Polari- 
scope Reading 

Per Cents 
Sucrose 

0.1 

0.02 

0.5 

0.12 

0,2 
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0.14 

0.3 

0.07 

0.7 

0.17 

0.4 

0.09 

0.8 

0.19 



0.9 
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Values of the factor 1.4 X 100, for coeflacients of purity ranging from 77 to 93, advancing by tenths. 

Coefficient purity 
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* Methods of Chemical Control, H. C. Prinsen Geerligs. (Section " A ’* only.) 
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TABLE ZS—CorOhmed 


TABLE 38 — Continued 

Fob thb Detbbmination op Cobppioibnts op Puritt. — ( G . Kottmann) 


Per 

Per Cent of Non-Sucrose =» ..Degree Biix Minus Per Cent Sucrose 

Per 
Cent ■ 
Sucrose 

Cent 

Sucrose 

1.9 

2.0 

2.1 



2.4 

2.5 

2.6 

B1 

8.0 

80.8 

80.0 

79.2 

78.4 

77.7 

76.9 

76.2 

75.5 

74.8 

8.0 

.2 

81.2 

80.4 

79.6 

78.8 

78.1 

77.4 

76.6 

75.9 

76.2 

.2 

A 

81.5 

80.8 

80.0 

79.2 

78.5 

77.8 

77.1 

76.4 

75.7 

.4 

.6 

81.9 

81.1 

80.4 

79.6 

78.9 

78.2 

77.5 

76.8 

76.1 

.6 

.8 

82.2 

81.5 

80.7 

80.0 

79.3 

78.6 

77.9 

77.2 

76.5 

.8 

9.0 

82.6 

81.8 

81.1 

80.4 

79.6 

78.9 

78.3 

77.6 

76.9 

9.0 

.2 

82.9 

82.1 

81.4 

80.7 

80.0 

79.3 

78.6 

77.9 

77.3 

.2 

A 

83.2 

82.5 

81.7 

81.0 

80.3 

79.7 

79.0 

78.3 

77.7 

.4 

.6 

83.5 

82.8 

82.1 

81.4 

80.7 

80.0 

79.3 

78.7 

78.0 

.6 

.8 

83.8 

83.1 

82.4 

81.7 

81.0 

80.3 

79.7 

79.0 

78.4 

.8 

10.0 

84.0 

83.3 

82.6 

82.0 

81.3 

80.6 

80.0 

79.4 

78.7 

10.0 

.2 

84.3 

83.6 

82.9 

82.3 

81.6 

81.0 

80.3 

79.7 

79.1 

.2 

.4 

84.6 

83.9 

83.2 

82.5 

81.9 

81.2 

80.6 

80.0 

79.4 

.4 

.6 

84.8 

84.1 

83.5 

82.8 

82.2 

81.5 

80.9 

80.3 

79.7 

.6 

.8 


84.4 

83.7 

83.1 

82.4 

81.8 

81.2 

80.6 

80.0 

.8 

11.0 

85.3 

84.6 

84.0 

83.3 

82.7 

82.1 

81.5 

80.9 

80.3 

11.0 

.2 

85.5 

84.8 

84.2 

83.6 

83.0 

82.4 

81.8 

81.2 

80.6 

.2 

A 

85.7 

85.1 

84.4 

83.8 

83.2 

82.6 

82.0 

81.4 

80.9 

.4 

.6 

85.9 

85.3 

84.7 

84.1 

83.5 

82.9 

82.3 

81.7 

81.1 

.6 

.8 

86.1 

85.5 

84.9 

84.3 

83.7 

83.1 

82.5 

81.9 

81.4 

.8 

19.0 

86.3 

85.7 

86.1 


83.9 

83.3 

82.8 

82.2 

81.6 

18.0 

.2 

86.5 

85.9 

85.3 

Mam 

84.1 

83.6 

83.0 

82.4 

81.9 

.2 

.4 

86.7 

86.1 

85.5 

i!0 

84.4 

83.8 

83.2 

82.7 

82.1 

.4 

.6 

86.9 

86.3 

85.7 

85.1 

84.6 

84.0 

83.4 

82.9 

82.4 

.6 

.8 

87.1 

86.5 

85.0 

85.3 

84.8 

84.2 

83.7 

83.1 

82.6 

.8 

13.0 

87.2 

86.7 

86.1 

85.5 

85.0 

84.4 

83.9 

83.3 

82.8 

13.0 

.2 

87.4 

86.8 

86.3 

85.7 

85.2 

84.6 

84.1 

83.5 

83.0 

.2 

.4 

87.6 

87.0 

86.5 

85.9 

85.4 

84.8 

84.3 

83.7 

83.2 

.4 

.6 

87.7 

87.2 

86.6 

86.1 

85.5 

85.0 

84.5 

83.9 

83.4 

.6 

.8 

87.9 

87.3 

86.8 

86.3 

85.7 

85.2 

84.7 

84.1 

83.6 

.8 

14.0 

88.1 

87.5 

87.0 

86.4 

85.9 

85.4 

84.8 

84.3 

83.8 

14.0 

.2 

88.2 

87.7 

87.; 

86.6 

86.1 

85.5 

85.0 

84.5 

84.0 

.2 

A 

88.3 

87.8 

87.3 

86.7 

86,2 

85.7 

85.2 

84.7 

84.2 

.4 

.6 

88,5 

88.0 

87.4 

86.9 

86.4 

85.9 

85.4 

84.9 

84.4 

.6 

.8 

88.6 

88.1 

87.6 

87.1 

86.5 

86.0 

85.5 

85.1 

84.6 

.8 

18.0 

88.8 

88.2 

87.7 

87.2 

86,7 

86.2 

85.7 

85.2 

84.7 

15.0 

.2 

88.9 

88.4 

87.9 

87.4 

86.9 

86.4 

85.9 

85.4 

84.9 

.2 

.4 

mmi 

88.5 

88.0 

87.5 

87.0 

86.5 

86,0 

85.6 

85.1 

.4 

.6 

89.1 

88.6 

88.1 

$7.6 

87.2 

86.7 

86.2 

85.7 

85.2 

.6 

.8 

89.3 

88.8 

88.3 

87.8 

87.3 

86.8 

86.3 

85.9 

85.4 

.8 

le.o 

89.4 

88.9 

88.4 

87.9 

87.4 

87.0 

86.5 

86.0 

85.6 

16.0 

.2 

89.5 

89.0 

88.5 

88.0 

87.6 

87.1 

86.6 

86.2 

85.7 

.2 

.4 

89.6 

89.1 

88.6 

88.2 

87.7 

87.2 

86.8 

86.3 

85.9 

.4 

.6 

89.7 

89.2 

88.8 

88.3 

87.8 

87.4 

86.9 

86.6 

86.0 

.6 

.8 

89.8 

89.4 

88.9 


88.0 

87.5 

87.0 

86.6 

86.2 

.8 

l7:d 

89.9 

89.5 

89.0 



87.6 

87.2 

86.7 

86.3 

17.0 
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TABLS 38 — CcnHnuod 

Fob thh Dbtbbmination of Coefficients of Pubitt. — ( G . Kottmann) 


Per 

Cent 

Sucrose 

Per Cent of Non-Sucrose » Degree Briz Minus Per Cent Sucrose | 

Per 

Cent 

Sucrose 

2.8 

2.9 

3.0 

3.1 

3.2 

bh 

Bl 

3.5 

3.6 

8.0 

74.1 

73.4 

72.7 

72.1 

71.4 

70.8 

70.2 

69.6 

69.0 

8.0 

.2 

74.6 

73.9 

73.2 

72.6 

71.9 

71.3 

70.7 

70.1 

69.5 

.2 

.4 

76.0 

74.3 

73.7 

73.0 

72.4 

71.8 

71.2 

70.6 

70.0 

.4 

.6 

75.4 

74.8 

74.1 

78.6 

72.9 

72.3 

71.7 

71.1 

70.5 

.6 

.8 

76.9 

76.2 

74.6 

73.9 

73.3 

72.7 

72.1 

71.6 

71.0 

.8 

9.0 

76.3 

76.6 

75.0 

74.4 

73.8 

73.2 

72.6 

72.0 

71.4 

9.0 

.2 

76.7 

76.0 

76.4 

74.8 

74.2 

73.6 

73.0 

72.4 

71.9 

.2 

.4 

77.0 

76.4 

76.8 

76.2 

74.6 

74.0 

73.4 

72.9 

72.3 

.4 

.6 

77.4 

76.8 

76.2 

75.6 

75.0 

74.4 

73.8 

73.3 

72.7 

.6 

.8 

77.8 

77.2 

76.6 

76.0 

75.4 

74.8 

74.2 

73.7 

73.1 

.8 

10.0 

78.1 

77.5 

76.9 

76.3 

76.8 

76.2 

74.6 

74.1 

73.6 

10.0 

.2 

78.6 

77.9 

77.3 

76.7 

76.1 

75.6 

76.0 

74.6 

73.9 

.2 

.4 

78.8 

78.2 

77.6 

77.0 

76.6 

75.9 

75.4 

74.8 

74.3 

.4 

.6 

79.1 

78.5 

77.9 

77.4 

76.8 

76.3 

75.7 

76.2 

74.6 

.6 

.8 

79.4 

78.8 

78.3 

77.7 

77.1 

76.6 

76.1 

76.5 

75.0 

.8 

11.0 

79.7 

79.1 

78.6 

78.0 

77.6 

76.9 

76.4 

76.9 

75.3 

11.0 

.2 

80.0 

79.4 

78.9 

78.3 

77.8 

77.2 

76.7 

76.2 

76.7 

.2 

.4 

80.3 

79.7 

79.2 

78.6 

78.1 

77.6 

77.0 

76.6 

76.0 

.4 

.6 

80.6 

80.0 

79.4 

78.9 

78.4 

77.9 

77.3 

76.8 

76.3 

.6 

.8 

80.8 

80.3 

79.7 

79.2 

78.7 

78.1 

77.6 

77.1 

76.6 

.8 

12.0 

81.1 

80.6 

80.0 

79.5 

78.9 

78.4 

77.9 

77.4 

76.9 

12.0 

.2 

81.3 

80.8 

80.3 

79.7 

79.2 

78.7 

78.2 

77.7 

77.2 

.2 

.4 ' 

81.6 

81.0 

80.5 

80.0 

79.6 

79.0 

78.5 

78.0 

77.6 

.4 

.6 

81.8 

81.3 

80.8 

80.3 

79.7 

79.2 

78.8 

78.3 

77.8 

.6 

.8 

82.1 

81.6 

81.0 

80.6 

80.0 

79.5 

79.0 

78.5 

78.0 

.8 

13.0 

82.3 

81.8 

81.2 

80.7 

80.2 

79.8 

79.3 

78.8 

78.3 

18.0 

.2 

82.5 

82.0 

81.5 

81.0 

80.5 

80.0 

79.5 

79.0 

78.6 

.2 

.4 

82.7 

82.2 

81.7 

81.2 

80.7 

80.2 

79.8 

79.3 

78.8 

.4 

.6 

82.9 

82.4 

81.9 

81.4 1 

EiKl 

80.5 

80.0 

79.5 

79.1 

.6 

.8 

83.1 

82.6 

82.1 

81.7 

81.2 

80.7 

80.2 

79.8 

79.3 

.8 

14.0 

83.3 

82.8 

82.3 



80.9 

80.5 

80.0 

79.5 

14.0 

.2 

83.5 

83.0 

82.6 



81.1 

80.7 

80.2 

79.8 

.2 

.4 

83.7 

83.2 

82.7 

82.3 

81.8 

81.4 

80.9 

80.4 

80.0 

.4 

.6 

83.9 

83.4 

82.9 

82.6 

82.0 

81.6 

81.1 

80.7 

80.2 

.6 

.8 

84.1 

83.6 

83.1 

82.7 

82.2 

81.8 

81.3 

80.9 

80.4 

.8 

16.0 

84.3 

83.8 

83.3 

82.9 

82.4 

82.0 

81.5 

81.1 

80.6 

15.0 

.2 

84.4 

84.0 

83.6 

83.1 

82.6 

82.2 

81.7 

81.3 

80.8 

.2 

.4 

84.6 

84.2 

83.7 

83.2 

82.8 

82.4 

81.9 

81.6 

81.0 

.4 

.6 

84.8 

84.3 

83.9 

83.4 

83.0 

82.5 

82.1 

81.7 

81.2 

.6 

.8 

84.9 

84.6 

84.0 

83.6 

83.2 

82.7 

82.3 

81.9 

81.4 

.8 

16.0 

86.1 

84.7 

84.2 

83.8 

83.3 

82.9 

82.5 

82.0 

81.6 

16.0 

.2 

85.3 

84.8 

84.4 

83.9 

83.6 

83.1 

82.7 

82.2 

81.8 

.2 

.4 

85.4 

84.9 

84.6 

84.1 

83.7 

83.2 

82.8 

82.4 

82.0 

.4 

.6 

85.6 

85.1 

84.7 

84.3 

83.8 

83.4 

83.0 

82.6 

82.2 

.6 

.8 

86.7 

85.3 

84.8 

84.4 

84.0 

83.6 

83.2 

82.8 

82.4 

.8 

17.0 

85.9 

86.4 

85.0 

84.6 

84.2 

83.7 

83.3 

82.9 

82.5 

17.0 
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EXPANDED HOENE'S TABLE POE THE CALCULATION OF 
COEFFICIENTS OF PUEITY 

(Explanatory) 

The fifth edition of this book (I&15) included a table by Dr. W. D. Home for 
use in calculating coefficients of purity with his dry lead defecation. The range of 
the table was from 15® to 16® Brix, which limited its usefulness. This table has 
been expanded to include all degrees Brix from 12 to 20. The table will prove useful 
in vacuum-pan and crystallizer control work and in refinery routine control. (See 
page 320 for method of making purities.) In the table on the pages foUowim, opposite 
the degree Brix corrected to 20® C. and under the direct polariscope reading of the 
solution (after clarification with Horne’s dry lead) will be found the coefficient of 
purity. 

The table has been calculated using E. W. Rice’s modification of Casamajor’s 
formula for “water purities.’’ The Rice formula is for densities at 20® C., true cubic 
centimeters (ml), and a normal weight of 26.0 grams, whereas Casamajor’s was for 
the older umts at 17)-^® C. and 26.048 normal weights. The formula according to 
Rice is 


26 X 100 

Factor - ^ ^ 

The direct polariscope reading of the solution times the factor corresponding to 
the Brix gives tne coefficient of purity as shown in the expanded Horne’s table. The 
factors according to Rice’s formula follow: 


Purity Factors for Use with Dry Lead Dbpbcatios. — (E. W. Rice) * 


®Bx. 

0.0 




0.4 

0.6 

0.6 

0.7 

0.8 

0.9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


260.6336 

23.6022 

12.3152 

8.3102 

6.2588 

5.0120 

4.1739 

3.5720 

3.1186 

2.7649 

2.4813 

2.2488 

2.0547 

1.8903 

1.7491 

1.6267 

1.5195 

1.4249 

1.3407 

1.2653 

1.1974 

1.1360 

1.0801 

1.0291 

.9823 

130.2660 

21.6269 

11.7508 

8.0473 

6.1074 

4.9136 

4.1050 

3.5209 

3,0794 

2.7338 

2.4560 

2.2278 

2.0370 

1.8752 

1.7361 

1.6154 

1.5095 

1.4160 

1.3328 

1.2582 

1.1910 

1.1302 

1.0748 

1.0242 

.9778 

86.8102 

19.9556 

11.2355 

7.8004 

5.9630 

4.8191 

4.0382 

3.4713 

3.0411 

2.7033 

2.4312 

2.2072 

2.0197 

1.8603 

1.7233 

1.6042 

1.4997 

1.4072 

1.3249 

1.2511 

1.1846 

1.1244 

1.0696 

1.0194 

.9734 

65.0829 

18.5230 

10.7632 

7.5680 

5.8253 

4.7280 

3.9765 

3.4231 

3.0037 

2.6735 

2.4068 

2.1870 

2.0026 

1 1.8467 
1.7106 
1.5931 
1.4899 
1.3986 
1.3172 
1.2442 
1.1784 
1.1187 
1.0648 
1.0146 
.9690 

52.0461 

17.2814 

10.3286 

7.3490 

5.6936 

4.6402 

3.9109 

3.3761 

2.9671 

2.6443 

2.3830 

2.1671 

1.9858 

1.8313 

1.6981 

1 1.5822 
1.4803 
1.3900 
1.3095 
1.2373 
1.1721 
1.1130 
1.0592 
1.0099 
.9647 

43.3549 

16.1961 

9.9276 

7.1420 

6.5676 

4.5555 

3.8501 

3.3304 

2.9315 

2.6167 

2.3596 

2.1475 

1.9692 

1.8171 

1.6858 

1.5714 

1.4708 

1.3816 

1.3020 

1.2305 

1.1660 

1.1074 

1.0540 

1.0052 

.9603 

37.1469 

15.2365 

9.5561 

6.9463 

5.4470 

4.4738 

3.7912 

3.2858 

2.8966 

2.5877 

2.3366 

2.1283 

1.9529 

1.8031 

1.6737 

1.5608 

1.4614 

1.3732 

1.2945 

1.2237 

1.1598 

1.1018 

1.0490 

1.0005 

.9560 

32.4909 

14.3845 

9.2113 

6.7608 

5.3314 

4.3950 

3.7339 

3.2424 

2.8626 

2.5603 

2.3140 

2.1095 

1.9369 

1.7893 

1.6617 

1.5503 

1.4521 

1.3649 

1.2871 

1.2171 

1.1538 

1.0963 

1.0439 

.9959 

.9518 

28.8695 

13.6221 

8.8901 

6.5849 

5.2206 

4.3188 

3.6784 

3.2001 

2.8293 

2.5334 

2.2919 

2.0909 
1.9211 
1.7757 
1.6499 
1.5399 
1.4429 
1.3567 
1.2797 
1.2104 
1.1478 

1.0909 
1.0389 

.9913 

.9476 

25.9725 

12.9360 

8.5905 

6.4178 

5.1142 

4.2451 

3.6244 

3.1589 

2.7968 

2.5071 

2.2701 

2.0727 

1.9056 

1.7623 

1.6382 

1.5296 

1.4338 

1.3487 

1.2725 

1.2039 

1.1419 

1.0855 

1.0340 

.9868 

,.9434 


* “ Facts about Sugar,’’ October 29, 1927 
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TABLE ZQ-^^ConlinuBd 



100.1 


































TABLE 40 



- 8tli Int. Cong. App. Chemistry, 8, 47. 

Noth. — The fourth and fifth pages of this table have been extended to indlude concentrations of 1.6 grams per 100 ml. (See method 
for glucose in molasses, page 328.) 
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oo 


«Oi>oo®qr.<c4’^tocDtsiOOOsor-ieo'^toco]>ooo>oc4co^ 

»-irHT-iTHe4eiic4C4C404C4C4C4coeocoeoeoeoeoooco*^'4»"4»^ 
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Oa 

■ 
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^«#^iOiOUSiOCOCOC0CO<Otot*l>t«OOOOOOOOaOO>CaC»CaO 

C4C4C4C4e4C4e4Ci|C4C40i|C4e4Cqic4C4(NC4e4e404C4e4e4CileO 

5 Grams 

o 

to 

a> 


*-i<OiH«0O9xcooo'«dtocoo4oO’^rHOOtoe4o<oeoooc<O’^eo 

eot>C4corHtno'4<oa'^OQeot^c4C<-<Hc0«HtootoO-^ca^C» 

oo^iHe4C4coeoco’^'^tou5«oot>-t^oooooao>ooOi-*T-i 

tOtOtOtotOiOtOtOtOtOtQtOU3tOtQtr3tOtOiOtOtOOC9tf»CDcO 

o 

to 

00 


C0tr3r-ICDC400'<4<iH00t0C400tOC40atDe0OMC0C0iH0»t*'«C4 
'410}'^OOeot*e4t»r-ICOWiQOtOOa^Ca'4*OOeQQOCOt^C4l>C4 
OOiHiHe4e4e0e0‘<4<’^t0t0c0(OCDt<-£^00 00O&OOi-tr-iC4 

totQiQiototoiatQtototdtototQtQtoiototoiototococoeoco 

2 Grams 

o 

o 

CO 


C4cO'<(fcot>*ooaa«HC4eQtoi>oao*-(eo<«tQt^oo«Heoiocooc 

cii«05ittiocot«ooOfHe4eQ'4ttcc^ooooiHfi4eQtjocot^ooaBO 

cocoeocoeoeoco"ti«'^<'^Ti<^'tjt'4<-^'^toio»oiotototctoto«o 

e 

o 

<N 


oso^eO'^^o<oooa>ocq'4^to©ooot-^c4■^^o^-06»-<co'^^D 

C4T*itO®l>XOOi-ieO'4‘tO®l^OOOi-<C4CO'^toeoOOC90i^ 

coeoeocococoeO'4*'^'4<’4<-4*-4*'4<'4<iciotoiotot.oioioiooeo 

1.5 Grams 

o 

to 

CO 


'41aa'4<00CQ«'4^0»'4t0a'^Ot0r^^»C400C0Cac000■4<0alOO>O 

<Ob-aaoc4eototooooar-ico'<4<tot«aaoc430tocoxoi-ieo^ 

t^)>b>oooooooooooooDoio>oao)a)oaoddoodoi-4<^*H 

tH»*M»Hi-l»-t»-li-Ct^iHiH»-HiHfHiHi-ir^e404C4C4e4C4C404e4C4 

0 

to 

04 


T-4l0iHCCr-(O04t^C41>C400e0Ca>0OC0rH|>iHOC4t«eQ00e0 

t-ooOi-ieo^<D£*>a90e4cotooxOrHeo^cct«ooe4eQio 

l>t-QOOOOOOOQOodoOOaC»dooaCtdoOOOOO^*HrHr-4 
tHi— J tHi— ltHiHi-lr*l»-liHrHTHiHT.H»He4C404C404C4C4C4C4C4C4 

1 Gram 

0 

to 

CO 

■ 

eotoc»oo4tob*oc4tob>oe4 tO'b- ococooteocooeotoo*^ 
<ooooeQio»oac4t((OQOi-ieotot>oc4’^coo3i-<'<tcooOi-ieo 

o?ot^t^r^r^t^obo6ooooc»o»o>o>doooo>-i»Hr-ir-ic4e4 

C4e4C4C4CqCQe4C4C4C4C4C4C4DlC4CQCQOOeOeOOOeoCO€QeOeo 

0 

s 


t<-Qe4kOt«oc4tob>oco«oa»c4toooT-iTt<t«OeocDaaoocDO 

<oaarHeQiooooe4'<4<t<-a»tHeo<oaooeotot>oe4'4tcooiH'^ 

cd«Ot^t>-l>r>o6o6oOOOOOOaOSOSOJOOOO»HTHr-i»HiHC4e4 

C4e404C4C409C4C40ilC4C4C4C4C4C4eQCQC0e0COCQeQCQeoeoeQ 

Wt. of Sample 
in 100 Ml. 

1 

i 

wt. Obtained as 

CuO 

tootootootootootootootootootootootootoo 

e4tob-oo4to-^oe4to*>pgw^o«to»>oej«r^oe4jo 

iHi-ti-iC4C4C4C4eOeOCOCO'^^’^^>OtOtOtOPPOcOt»t«b* 

eocoeomraraeoeqeocoeoeomeQcoeoeocoeoeocQeQeoeococo 

B 

o^cototxpiHcotoi>®iHeotoi>pi^eototjP^wteij.g 

^ifiitOiOlOtOPPCOPcDt<*t>t*t^^0Q0000Q000PPPOap 

MNC4^M^NC4^Cq0ie4C4e4C4e4C«e4C4e4OTC4e404CilC4 
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TABLE 40 — Conlinued 


1 

I 

I 


I 


20 Grams 

o 

\o 
e> . 


^\Ob-ooeso^e^co'^»o«Ofc-*OTHeqeo^»o«ooooiOi^ 

•^^■^Tti^tousuatoiouotouotococooeocotococotoc^b. 

o 

lO 

oo 


tOcDb-000>»-IC4e0^tOcO)>.ODO*-l(MCO'^tO^NO}OiHCSl 

^’«'^'^'4<tOtOtOtOtOtOiOLOCOCOCOCO«00«DCOCOb-J>b- 

o 

tH 

o 

10 

0> 


Oeo‘Ot*oscq'^«DOOt-«eoob-0(N'^«oas^«^ogoe!«to 

oooooiHtHiH.Hefloqie^cacoeocococoTH'^^>i<»o»oio 

cQooeoeofiOfiOeoeococoeoeoeoeoeoeoeoeocoeoeoeooocoeo 

o 

»o 

oo 


eocooooeQtotoSkiH^eDooocoiob-eftoq^coooiHeoiooo 

ooo»-i»-iT-t»-<»He«eqNeqeoeoeoeocor*)'^'#^io»oio»o 

eocoeoeocQoocoeQcoeocQcococoeoeQcocoeocoeoeoeoooeo 

5 Grains 

o 

iO 

a 


O00t>O'^cqiHOC»00l>C0i0iO<^C0e0C0Cq0q0904fHrHTH 

tHooeoooeofiOWQOo«wNr^«i>«i>c<i>e«c^Mt^cqi>.cq 

c4C4eoeo'^*^t£3tococob«t«oOQCatatOO^i-40404eoeQ^ 

<0cD(ecoocD(O<ocoococoocoeotoc^b-£^t«c«t*«t*-b-c* 

o 

to 

00 


Ooo«o<^cqooooo<<)4.MtHO&ooN>iOeoeqrHOOOb-eo^eocii 

iNiH<OfHto^too>ootoo»'^a3^0)Ti40)eQoocQooeoooco 

Ne0e0’^'^»0»O«0C0l^l>l^C000eJ05OO»H»HNWC0C0'# 

<0«(Dcdo<DOCOCOCOCD«>COCOeOOt-t^t-t<-t«t<-t«>C»C<p 

2 Grams 

o 

o 

CQ 


ON'fCOOOOC<l'^CPOOON'#tOOOOC|tONC3J»H'^JiCOOsel 

C4CQ4iO(OCOa»OiHC4>«CIUQeOb>OOOi-HOieO’<4<cOt>OOC3»r-l 

<OCO<OCO«a<OCOt^C'-t*C«t^Nl>t«OOOOOOOOOOOOOOOOOOC» 

e 

0 

01 


oooe9'4(oooocq'^toooocqt]4coooocQtob-o»cq'^coa) 

ca'^iO<Ot*-000’-»«CO'^«Ot-.QOO>0<«CO'<4<tO«DOOOiO^ 

co«o«D«o«Dcot^c-^i>b-t^b-t^i>!b^odooodooooodooo6o»a) 

1.5 Grains 

o 1 

to 

CQ 


i-n«-eoc»»Or4js-coo>iOiHoO'^Ocoeaoo»o^i>eoococoo> 

o^-a»oc4Ti<u^^.cooc4eotot^Qoe1Hcotocoooo1Hco'^ 

TH'pHjHWc^oicqcflcsicocoeococoeO'tji'^’^'-Tji'njl'^'iotoioto 

CqC4C4CqC4(;4C«I09C4C4C4cqnC>qe4C4(NC4C9(NC4C4C<IC4C^ 

o 

»o 

eq 


as50cOCS[««^tHl>c005»OC«l>COOS*OC^OO'<#Ob-COO«D 

<ooo©THeo-<<oxo»THcq'<4<©t-o>oe?*^u3t^coo«'^»o 

iH-pHe^NcqwoioiMeococococoeO’^'^'^'^'fJf'^toioioio 

e>4e4e4oqc9c9ffiioi?(iMC4c4e4c4c<4csic4c4C4e4e4c4cqc>4c>i 

1 Gram 

o 

lO 

CO 


t^^:a!ooe^oO'^ooc«©0'^ooN»o»o©eot-.«eoO'<H 

t0G0OC4tQI>e»0l^l>©e4'44O©iHTH©00iHe0©00*-<'^ 

C4C4coeoeoeo'4<’^'4<^^tetotoio©cD©©tsib-t^i>«ocoo 

oocoeococococoeoeococoeoeoeoeocoeoeococoeococococQ 

o 

O 

CO 



S2fc52'2S3®®'**’®oN©o»o®'^oDeot^N^N©i-<«o 

©ooiHcou3aoeo«5i>-oea»oi>.©cq^t-©cqi^<i>©oa'^ 

c4eqcocQcocO'4<’^-^'T|i>ouoiQio>ocoe0cDcdt^t>t^t<»odod 

eoeoeococQcoeococococoeocoeocoeocococococococoeoco 

Wt. of Sample 
in 100 ML 

d 

1 

1 

Wt. Obtained as 

GuO 

^OtOOtQOtOOtQOiOOtOOvoOtOOtOOVOOtOOUa 

^oooooooooooooofiOrHTHiHiHeqccieoMeocoraco 

O 

«S<gOS«»CD©«0®©c0»0»0»0»0U5»0«3»0l0l0l0U0 

eococoeocotfocococococococococoeocoeoeoeocoeoeocoeo 


TABLE 41 
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co^tQ«oooa»OiHeQi<»ooa»Ov-(co'^«Dt*aoot-to9eou3aocB o *-<eoaa«o 

CO CO CO CQ CQ eo V< '<4* ‘<4 '«*< >0 to ao to loao lO CO O (0 O«0 CP CO t» t*P» to 




ooooooddddcodododbdddddooodddddd 

o 



to CD t- 00 O 09 CO lO CO n O CO to to at O 09 Tf to t- OO 0» O -vft Ob- 
CO CO eo CO ^ V< ^ to to to >0 to to to CO CO CD CO CO CO CO CO 1> to c>. to t* 




ooooooooooooodooddoddddododdooo 


o 


CO t* OO at rH CO to t- 00 03 ^ 09 '44 to CO t. 0 1 H C9 CO to CO n 09 f-t 09 CO t» 00 

00 CO CO CO ^ '44 rt4 V* <44 ^ '4< to to to to to to to CO CO CO CO CO CD CO t* t» t* b- 1* b- 




oooooooododddoooodddoooooddoooo 


s 


CO os O 09 CO to b- ® O 09 1 o 05 O 09 n* CO OO O 09 CO to 00 O »H CO -44 O 03 r-4 09 
<44 -44 to to to to to to CO ® CO CO CO b> b> t- b> 00 00 00 00 00 ® ® O 03 ® ® O O 




ooooooooooooooooooooooooooood*H^ 

o 

3 


CD O T-< eo to b> 00 O 09 44 CO 00 ® iH CM ^ b. ® 09 4< to b. 00 O 09 *44 CO 00 ® ^ CO 

44 to to to to to to e CO CO CO CD CO t« >■ b* b- 00 00 00 X 00 ® ® ffi ® ® ® O O 




oooooooooeoodooooooooooooooeo«-4*-4 


o 

o 

c 

o 

•s 

03 1 -( 09 -44 CO 00 O CO -44 to b. © r-l 00 44 CO CO O 09 44 CO 00 O 09 ee t£2 1, e>i-l CO to 

44 to to to to to © CO © © CO © b- b- b> b- b> 00 M 00 00 00 © © © © © © O O O 

ooooooboooooeoooooeooooooooowfHrH 


00 

•*4 

A 

©©b>0©4lb-0©©©m©©r-4©©©©©©r^44©©b9©©iH<44© 
b- b- b- © © © © © © © 0 0 0 0 rH »H rH »H © 09 « W © © © - 44 -4* "44 © © © 




OOOOOOOOOOOiHiHiHr-l»-lr4r-lT-lrHT-lr-li-lrHiHrHrSr^i-lrHi-l 

o 

« 

3 


rt © W © W 0 W © © »-l 44 b - 0 09 44 © r-4 4« b- © C9 -44 1- r-l 44 b. 0 N © © 
b- b- b- © « © © © © © 0 0 0 rH tH *-H © 09 C9 © « © © -44 - 44 -44 © © © © 



OOOOOOOOOOr-lr-lr-lfHr-liHrHi-Hi-^»Hr-l»-4r-tr^rHi— (»-irHiHr-lTH 


O 


©©r-IS0©©©'44b*O©©©©©©r-l44©©C9©b.O©©©r^-44b-© 
C^b-©©©©©©©OOOOr-lr^T-1C9N©©©© ©444444 44©©©© 




OOOOOOOOOr-liHr-liHTHr-lr-IrHr-lr-lr-lr-liHrHr-IrHr-li-lr-lr-lr-lrH 




C9©«©©0©r-I©©© 

©©©©b.©©©©00 




r-1 1 - 1 1—1 iH rH iH rH i-l rH © C9 

o 



©0©0©rHb-INWCC© 

©©©t-b-©©©©CO 




r-l r1 1-1 r-l 1-1 r«H 1-1 1-1 i-H 09 © 


C 

r-l 


©iH©r-l©©b*«©©« 

©©©b>t-w©®ooo 




tH r-l iH T-l iH r-l 1 -^ iH iH © © 

a 

1 

% 

CuO 

Gram 

b-©W©«r-e©©©0«©©044b*0©-44©©©-44b-©rH'4ia0©© 
b.WO©©©©r-lb-44 0©©0©iHb»440©©0©iHb*440©«©© 
©©OOr-lTH©WW44©©©©b.©©©OOr-(i-l©«M'44©©©©b. 
r-li-l©© ©©©©©©©©©©©© ©©©©©©©©©©©©©©© 

WtH 

i-s 

a 




1 


0©0©0©0©0©0©0©0©0©0©0©0©0©0©0©C 

tO©©©^b-©©©©OOrHr-l©© ©©- 44-44 ©©©©b-b -©©©©0 

iHr^r-liHiHr-lF-lr-liHi-4©©©©©©©©©©©©©©©©©©©©© 


SlxpANBEiD MBnsBir-Hiiji.ESB TabijJj FOB Invbbt Sogab IN Canh Sirup 


TABLE 42 


AU3OOC9OOCO0ftU3^CDC9OO^ AUdO<C C^OOCQOkQiHJs 

M ^ ^ lO IQ O « O a O O 04 <N CO CO tH Tl| lO «0 CO 00 00 Oa O O 

^ ^ iH iH tH rS tH r4 04 (N » » M C<) Cq C<i « 04 04 04* 04 04* 04 CO* CO 



CO 04 00 O lO O <0 04 00 CO oa >0 CD 04 O' CO 03 US O CO IH h> CO 0» ^ O CO 04 00 
M ^ ^ S io O i? O- OO 00 03 03 O iX 1-1 04 04 CO CO ^ U3 iO CO (O J> C« 00 09 03 O O 

fH* tH rH tH tH r-i 1-4 r-i iH iH 04* 04 04* 04* 04* 04* 04* 04* 04* 04* 04* 04* 04* 04 04* 04* 04* CO CO 


0Q'^a3U0i-4t-04We003»e»HC004Jt-e000^OC0»HC-C400'^OlD»Ht-e003 
CO ^ ID « CO £- 1- 00 00 03 O O r-l fH 04 04 CO ^ US >0 CO CD |> 00 00 03 03 o O 

tH* rH 1H tH 1-4* 1-4 fH i-< W «4 tH* 04* 04* 04* 04* 04* 04* 04* 04* 04 04* 04* 04 04* 04 04* 04 04* 04 CO CO* 


O C0 1-4 f. 04 00 O 40 iH CD 04 1- CO 00 03 »0 iH t- 04 00 00 03 10 1-4 tN- CO 00 O 

ID lO CD CO 00 00 03 03 O 0 1-4 iH 04 04 CO ^ >D ID CD CD 1> 00 00 03 03 O r-l 

J J iH* rH iH* ^ 1-4 1-4* IH 04* 04* 04* 04* 04* 04* C4* 04* 04* 04* 04* 04* 04* 04* 04* 04* 04* 04* CO CO 


03 03 1- fc- CD « 04 04 iH 1-4 O O 03 03 OO 00 CD CD ID ID -1^* CO CO 04 04 iH 
CO -<4 ID CO t- 00 OS 0 1-4 04 CO -cJC ID CO CD C- 00 03 O r-l 04 CO Tj* ID CO t- 00 03 0 1-1 C4 

04 04 04 04 04 04 04 CO CO CO 00 CO CO CO 00 CD CO CO '4l< ^ ^ ’4*4 KtC Ttf -4*4 ID ID ID 


ID ID CO O- 00 03 0 1-i 04 CO ID CD t> 00 W 03 O iH 04 C0 144 ID CO t- 00 03 O iH 04 

04 04 04 04 C4 04 04 CO CO CO CO fe CO CO 00 CD CO eO ^ ^ -44 *44* 144* liJ ID ID »0 


CQe004C40003030000CDCD'^'44eOCOi-li-lOOa30 0000b-b-b-N>0-b-IC’- 
144 ID CO O- 00 03 03 0 1-4 04 00 ID CO t> 00 03 O iH 04 04 CO ^ ID CD O- 00 03 o 1H 04 

04 04 04 04* 04 04 04 CO CO CO CO CO CO CO CO CO 00 'i' -44 '44 *44 -44 ^ •44 ^ -44 ID* ID ID 


CO CD '4* CO e0 1-1 1-1 0 O 00 00 CD CD ID ID ^ 144 00 CO ^ ^ 04 04 iH T-( 1-4 iH iH iH ^ 
^ ID CO 00 03 0 1-4 04 00 CO <44 ID CD b- 00 03 O iH C4 CO '44 ID CD 0- 00 03 O T-< 04 CO 

0404 040404 04 CO CD CO CO CO CD CO CO CO CO CO '44* -44 "44 '44 -44 -44 "44 -44 -44* ■44* ID iDlD>D 


CO CO ■44 ^44 ^ -44 '44 '4* '44 ■44 ID ID ID ID ID ID ID CD CD CD CD CD CD CD b- fr- b- fr- b- 1- 1- 


eo CO >44 '44 '4* '44 -44 '44 '44 ID ID ID ID ID ID ID CO CO CO CO CD CO CO b- b- 1- b- b- b- b- 


l> O O iH CO ■44 CD b- 00 0 1-1 CO <44 CD » 00 0 1- 


14 ID b- W 03 iH 04 <44 ID CO 00 03 


eo CO '4* *44 '4* -44 ■44 ■44 *44 ID ID ID ID ID ID ID CO CO CO CO CO CO CO CO b- fc- b- b- b- b- b- 


b- 03 O « eo 44 CO b- O O 04 CO 4< CO b- « 0 1-4 CO ID b- 00 O IH C4 -44 ID t- W 03 
CO CO ■44 4< ■44 '4< ■44 *44 ■44 IQ ID ID ID ID >D ID CD cd CO CO CO CO CO N b- b- b^ b^ b> b* 


b- a eo ID 00 1H 04 ID GO O CO CD 00 O '44 b- 03 C4 44 CD 03 04 '4' b- 03 1H 44 00 O Olio 
b> CO O CO 04 03 ID 1-4 b- 44 O CD 04 03 ID iH b> '44 O CO 04 03 ID 1-1 1> '44 O CO CO 03 ID 
Ma300r-lT-<C4COCO'44iDlDCOCDb-OOOOa300i-ii-lC4COCO'^IDIDCOCDb- 
T-i r-4 C4 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 CO CO eo CO CO CO CO CO CO CO CO CO CO 


ID ID © CO b- 00 00 ^ 03 o O r-« tH 04 04 CO CO ^ ID ID S CO b- b» W 00 S OS o 
1-4 1 H i-i T-i r-t *-( 1-4 1-1 1 H 1-1 04 04 04 04 04 04 04 04 04 ^ ^ 04 04 04 04 04 04 ^ 04 04 CO 
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TABLE 43 


Hbbzfbld’s Table fob Detbemining Invest Sttgab in Raw Suoabs 
(Invert Sugar Not to Exceed 1.6 Peb Cent) 


“S' 

Invert / 


Invert 


Invert / 


Invert / 


Invert 

Sugar, ' 

Cent 

Mgs. 

Sugar, 

Per 

Cent 

jpmil 

S^ar, ' 
Cent 

ISopper 

Sugar, 

Cent 

S' 

S^rar, 

Cent 






50 

0.060 

105 

0.325 

160 

0.621 

216 

0.929 

270 

1.242 

61 

0.054 

106 

0.330 

161 

0.627 

216 

0.936 

271 

1.248 

62 

0.068 

107 

0.335 

162 

0.633 

217 

0.940 

272 

1.253 

63 

0.062 

108 

0.340 

163 

0.639 

218 

0.946 

273 

1.269 

64 

0.066 

109 

0.346 

164 

0.645 

219 

0.961 

274 

1.266 

66 

0.070 

110 

0.361 

166 

0.651 

220 

0.957 

275 

1.271 

66 

0.074 

111 

0.356 

166 

0.657 

221 

0.962 

276 

1.276 

’ 67 

0.078 

112 

0.361 

167 

0.663 

222 

0.968 

277 

1.282 

68 

0.082 

113 

0.366 

168 

0.669 

223 

0.973 

278 

1.288 

69 

0.086 

114 

0.371 

169 

0.676 

224 

0.979 

279 

1.294 

60 

0.090 

116 

0.376 

170 

0.680 

226 

0.984 

280 

1.299 

61 

0.094 

116 

0.381 

171 

0.686 

226 

0.990 

281 

1.305 

62 

0.098 

117 

0.386 

172 

0.692 

227 

0.996 

282 

1.311 

63 

0.103 

118 

0.392 

173 

0.698 

228 

1.001 

283 

1.317 

64 

0.108 

119 

0.397 

174 

0.704 

229 

1.007 

284 

1.322 

66 

0.113 

120 

0.402 

176 

0.709 

230 

1.013 

286 

1.328 

66 

0.118 

121 

0.407 

176 

0.716 

231 

1.018 

286 

1.334 

67 

0.123 

122 

0.412 

177 

0.720 

232 

1.024 

287 

1.339 

68 

0.128 

123 

0.417 

178 

0.726 

233 

1.030 

288 

1.345 

60 

0.133 

124 

0.423 

179 

0.731 

234 

1.036 

289 

1.351 

70 

0.138 

126 

0.428 

180 

0.737 

236 

1.041 

290 

1.367 

71 

0.143 

126 

0.433 

181 

0.742 

236 

1.047 

291 

1.362 

72 

0.148 

127 

0.438 

182 

0.748 

237 

1.053 

292 

1.368 

73 

0.152 

128 

0.443 

183 

0.753 

238 

1.068 

293 

1.374 

74 

0.167 

129 

0.448 

184 

0.759 

239 

1.064 

294 

1.380 

75 

0.162 


0.463 

185 

0.764 

240 

1.070 

296 

1.386 

76 

0.167 


0.458 

186 

0.770 

241 ! 

1.076 

296 

1.391 

77 

0.172 

Bin 

0.463 

187 

0.775 

242 

1.081 

297 

1.397 

78 

0.177 

B^n 

0.468 

188 

0.781 

243 

1.087 

298 

1.403 

79 

0.182 

134 

0.473 

189 

0.786 

244 

1.093 

299 

1.408 

80 

0.187 

mm 

0,478 

190 

0.792 

246 

1.099 

300 

1.414 

81 

0.192 


0.483 

191 

0.797 

246 

1.104 

301 

1.420 

82 

0.197 


0.488 

192 

0.803 

247 

1.110 

302 

1.426 

83 

0.202 

Be9 

0.493 

193 

0.808 

248 

1.116 

303 

1.431 

84 

0.208 

139 

0.498 

194 

0.814 

249 

1.122 

304 

1.437 

85 

0.213 

140 

0.603 

196 

0.819 

260 

1.127 

305 

1.443 

86 

0.219 

141 

0.509 

196 

0.826 

251 

1.133 

306 

1.448 

87 

0.225 

142 

0.615 

197 

0.830 

262 

1.139 

307 

1.454 

88 

0.231 

143 

0.621 

198 

0.836 

263 

1.144 

308 

1.460 

89 

0.236 

144 

0.527 

199 

0.841 

254 

1.160 

309 

1.466 

90 

0.242 

145 

0.533 

200 

0.847 

266 

1.166 

310 

1.471 

91 

0.248 

146 

0.638 

201 

0.862 

256 

1.162 

311 

1.477 

92 

0.254 

147 

0.644 

202 

0.868 

267 

1.167 

312 

1.483 

93 

0.260 

148 

0.560 

203 

0.863 

268 

1.173 

313 

1.489 

94 

0.265 

149 

0.566 

204 

0.869 

269 

1.179 

314 

1.494 









316 

1.600 

95 

0.271 

150 

0.562 

205 

0.874 

260 

1.185 



96 

0.277 

151 

0.668 

206 

0.880 

261 

1.190 



97 

0.283 

162 

0.674 

207 

0.885 

262 

1.196 



98 

0.288 

163 

0.680 

208 

0.891 

263 

1.202 



99 

0.294 

164 

0.686 

209 

0.896 

264 

1.207 



100 

0.300 

165 

0,592 

210 

0.902 

265 

1.218 



101 

0.306 

166 

0.698 

211 

0.907 

266 

1.219 



102 

0,310 

157 

0.604 

212 

0.913 

267 

1.226 



103 

0.316 

168 

0.609 

213 

0,918 

268 

1.231 



104 

0.320 

159 

0.616 

214 

0.924 

269 

1.236 
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TABLE 44 


TABLE 44 

CONDBNeZiD MuNSOX AND WaUKSSIi’s TaBLB FOB InVERT StTOAB AliONE AND InVBBT 

Sugar in the Presence of Sucrose 


(Expressed in Milligrams) 


Cu- 

prous 

Oxide 

(CU 2 O) 

Cop- 

per 

(Cu) 

In- 

vert 

Sugar 

Invert Sugar 
and Sucrose 

Cu- 

prous 

Oxide 

(CU 3 O) 

Cop- 

per 

(Cu) 

In- 

vert 

Sugar 

Invert Sugar 
and Sucrose 

0.4 

Gram 

Total 

Sugar 

2 

Grams 

Total 

Sugar 

0.4 

Gram 

Total 

Sugar 

2 

Grams 

Total 

Sugar 

10 

8.0 

4.5 

1.6 


250 

222.1 

116.4 

115,1 

109.0 

15 

13.3 

6.7 

3.9 


255 

226.5 

118.9 

117.6 

111.5 

20 

17.8 

8.9 

6.1 


260 

231.0 

121.4 

120.1 

114.0 

25 

22.2 

11.2 

8.4 


265 

235.4 

123.9 

122.6 

116.5 

30 

26.6 

13.4 

10.7 

4.3 

270 

239.8 

126.4 

125.1 

119.0 

35 

31.1 

15.6 

12.9 

6.5 

276 

244.3 

128.9 

127.7 

121.6 

40 

35.5 

17.8 

15.2 

8.8 

280 

248.7 

131.4 

130.2 

124.1 

45 

40.0 

20.1 

17.5 

11.1 

285 

253.2 

133.9 

132.7 

126.6 

50 

44.4 

22.3 

19.7 

13.4 

290 

257.6 

136.4 

135.3 

129.2 

55 

48.9 

24.6 

22.0 

15.7 

295 

262.0 

138.9 

137.8 

131.7 

60 

53.3 

26.8 

24.3 

18.0 

300 

266.5 

141.5 

140.4 

134.2 

65 

57.7 

29.1 

26.6 

20.3 

305 

270.9 

144.0 

142.9 

136.8 

70 

62.2 

31.3 

28.9 

22.6 

310 

275.4 

146.6 

145.5 

139.4 

75 

66.6 

33.6 

31.2 

24.9 

315 

279.8 

149.1 

148.1 

141.9 

80 

71.1 

35.9 

33.5 

27.3 

320 

284.2 

151.7 

150.7 

144.5 

85 

75.5 

38.2 

35.8 

29.6 

325 

288,7 

154.3 

153.2 

147.1 

90 

79.9 

40.4 

38.2 

31.9 

330 

293.1 

156.8 

155.8 

149.7 

95 

84.4 

42.7 

40.5 

34.2 

335 

297.6 

159.4 

158.4 

152.3 

100 

88.8 

45.0 

42.8 

36.6 

340 

302.0 

162.0 

161.0 

154.8 

105 

93.3 

47.3 

45.2 

38.9 

345 

306.5 

164.6 

163.7 

157.5 

110 

97.7 

49.6 

47.5 

41.3 

350 

310.9 

167.2 

166.3 

160.1 

115 

102.2 

51.9 

49.8 

43.6 

355 

315.3 

169.8 

168.9 

162.7 

120 

106.6 

54.3 

52.2 

46.0 

360 

319.8 

172.5 

171.6 

165.3 

125 

111.0 

56.6 

54.5 

48.3 

365 

324.2 

176.1 

174.2 

167.9 

130 

115.5 

58.9 

56.9 

50.7 

370 

328.7 

177.7 

176.8 

170.6 

135 

119.9 

61.2 

59.3 

53.1 

375 

333.1 

180.4 

179.5 

173.2 

140 

124.4 i 

63.6 

61.6 

55.5 

380 

337.5 

183.0 

182.1 

175.9 

145 

128.8 

65.9 

64.0 

57.8 

385 

342.0 

185.7 

184.8 

178.5 

150 

133.2 

68.3 

66.4 

60.2 

390 

346.4 

188.4 

187.5 

181.2 

•155 

137.7 

70.6 

68.8 

62.6 

395 

350.9 

191.0 

190.2 

183.9 

160 

142.1 

73.0 

71.2 

65.0 

400 

355.3 

193.7 

192.9 

186.5 

165 

146.6 

75.3 

73.6 

67.4 

405 

359.7 

196.4 

195.6 

189.2 

170 

151.0 

77.7 

76.0 

69.8 

410 

364.2 


198.3 

191.9 

176 

155.5 

80.1 

78.4 

72.2 

415 

368.6 

201.8 

201.0 

194.6 

180 

159.9 

82.5 

80.8 

74.6 

420 

373.1 

204.6 

203.7 

197.3 

185 

164.3 

84.9 

83.2 

77,1 

425 

377.5 

207.3 

206.5 

200.0 

190 

168.8 

87.2 

85.6 

79,5 

430 

382.0 

210.0 

209.2 

202.7 

196 

173.2 

89.6 

88.0 

81.9 

435 

386.4 

212.8 

212.0 

205.5 

200 

177.7 

92.0 

90.5 

84.4 

440 

390.8 

215.5 

214.7 

208.2 

205 

182.1 

94.5 

92.9 

86.8 

445 

395.3 

218.3 

217.5 

211.0 

210 

186.5 

96.9 

95,4 

89.2 

450 

399.7 

221.1 

220.2 

213.7 

215 

191.0 

99.3 

97,8 

91.7 

455 

404.2 

223.9 

223.0 

216.5 

220 

195.4 

101.7 

100.3 

94.2 

460 

408.6 

226.7 

225.8 

219.2 

225 

199.9 

104.2 

102.7 

96.6 

465 

413.0 

229.5 

228.6 

222.0 

230 , 

204.3 

106.6 

105.2 

99.1 

470 

417.5 

232.3 

231.4 

224.8 

235 > 

208.7 

109.1 

107,7 

101.6 

475 

421.9 

235.1 

234.2 

227.6 

240 

213.2 

111.5 

110.1 

104.0 

480 

426.4 

287.9 

237.1 

230.3 

245 ; 

217.6 

114.0 

112.6 

106.5 

485 

430.8 

240.8 

239.9 

233.2 






490 

435.3 

243.6 

242.7 

236.0 
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* Mg. of invert sugar corresponding to 10 ml. of Feiillng*s solution. 
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TABLE 46 


TABLE 46 

Xktvbbt Suoab Tabus vor 25 Mu of Fehuno’s SoiiTmosr 
SOLUTIONS containing, BRSIDRS INVERT SUGAR 


Ml. of Sugar 
Solution 
Required 

No Sucrose 

1 Gm. Sucrose per 100 Ml. 

Invert Sugar 
Factor * 

Mg. Invert 
Sugar 

per 100 ML 

1 Qm. Invert 
Sugar 
Factor * 

Mg. Invert 
Sugar 

per 100 Ml. 

15 

123.6 

824 

122.6 

817 

16 

123.6 

772 

122.7 

767 

17 

123.6 

727 

122.7 

721 

IS 

123.7 

687 

122.7 

682 

19 

123.7 

651 

122.8 

646 

20 

123.8 

619.0 

122.8 

614.0 

21 

123.8 

589.5 

122.8 

584.8 

22 

123.9 

563.2 

122.9 

558.2 

23 

123.9 

538.7 

122.9 

534.0 

24 

124.0 

516.7 

122.9 

512.1 

25 

124.0 

496.0 

123.0 

492.0 

26 

124.1 

477.3 

123.0 

473.1 

27 

124.1 

459.7 

123.0 

455.6 

28 

124.2 

443.6 

123.1 

439.6 

29 

124.2 

428.3 

123.1 

424.4 

80 

124.3 

414.3 

123.1 

410.4 

81 

124.3 

401.0 

123.2 

397.4 

32 

124.4 

388.7 

123.2 

385.0 

83 

124.4 

377.0 

123.2 

373.4 

84 

124.5 

366.2 

123.3 

362.6 

35 

124.5 

355.8 

123.3 

352.3 

86 

124,6 

346.1 

123.3 

342.5 

37 

124.6 

336.8 

123.4 

333.5 

88 

124.7 

328.1 

123.4 

324.7 

39 

124.7 

319.7 

123.4 

316.4 

40 

124.8 

311.6 

123.4 

308.6 

41 

124.8 

304.4 

123.5 

301.2 

42 

124.9 

297.3 

123.5 

294.1 

43 

124.9 

290.5 

123.5 

287.3 

44 

125.0 

284.1 

123.6 

280.9 

45 

125.0 

277.9 

123.6 

274.7 

46 

125.1 

272.0 

123.6 

268.7 

47 

125.1 

266.3 

123.7 

263.1 

48 

125.2 

260.8 

123.7 

257.7 

49 

125.2 

255.5 

123.7 

252.5 

50 

125.3 

250.6 

123.8 

247.6 


* Mg. of invert sugar corresponding to 25 ml. of Fehling’s solution. 
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TABLB 47 

Kbcxpbooalb 07 NxTMBaBS FBOH 11 TO 36, Advancino bt Tenths *** 


Num - 

ber 

Recip - 

rocal 

Num - 

ber 

Recip - 

rocal 

Num - 

ber 

Recip - 

rocal 

Num - 

ber 

Recip - 

rocal 

_ 

Num - 

ber 

Recip - 

rocal * 

11.0 

.0909 

16.0 

.0625 

21.0 

.0476 

26.0 




.1 

.0900 

.1 

.0621 

.1 

.0474 

.1 

.0383 

.1 

Kiifl 

.2 

.0893 

.2 

.0617 

.2 

.0472 

.2 

.0381 

.2 

.0320 

.3 

.0885 

.3 

.0613 

.3 

.0469 

.3 


.3 

.0319 

.4 

. 08/7 

.4 

.0610 

.4 

.0467 

.4 

.0379 

.4 

.0318 

.6 

.0869 

.6 

.0606 

.5 

.0465 

.5 

.0377 

.5 

.0317 

.6 

.0862 

.6 

.0602 

.6 

.0463 

.6 

.0376 

.6 

.0316 

.7 

.0855 

.7 

.0599 

.7 

.0461 

.7 

.0374 

.7 

.0315 

.8 

.0847 

.8 

.0595 

.8 

.0459 

.8 

.0373 

.8 

.0314 

.9 

.0840 

.9 

.0592 

.9 

.0457 

.9 

.0372 

.9 

.0313 

12.0 

.0833 

17.0 

.0588 

22.0 

.0454 

27.0 


82.0 

.0312 

.1 

.0826 

.1 

.0585 

.1 

.0452 

.1 

Bp" ; J 

.1 

.0311 

.2 

.0820 

.2 

.0581 

.2 

.0450 

.2 

Wmi rj 

.2 

.0310 

.3 

.0813 

.3 

.0578 

.3 

.0448 

.3 

Bp" i S 

.3 

.0309 

.4 

.0806 

.4 

.0575 

.4 

.0446 

.4 

BP " • S 

.4 


.5 

.0800 

5 

.0571 

.5 

.0444 

.5 

.0364 

.5 

.0308 

.6 

.0794 

6 

.0568 

.6 

.0442 

.6 

.0362 

.6 

.0307 

.7 

.0787 

.7 

.0565 

.7 

.0440 

.7 

.0361 

.7 

.0305 

.8 

.0781 

.8 

.0562 

.8 

.0438 

.8 

.0360 

.8 

.0305 

.9 

.0775 

.9 

.0559 

.9 

.0437 

.9 

.0358 

.9 

.0304 

13.0 

.0769 

18.0 

.0555 

23.0 

.0435 

28.0 


33.0 


.1 

.0763 

.1 

.0552 

.1 

.0432 

.1 

.0356 

.1 


.2 

.0757 

.2 

.0549 

.2 

.0431 

.2 

.0355 

.2 


.3 

.0762 

,3 

.0546 

.3 

.0429 

3 

KMl 

.3 

1 iKTi 

.4 

.0746 

.4 

.0543 

.4 

.0427 

4 

.0352 

.4 


.5 

.0741 

.6 

.0540 

.5 

.0425 

.5 

.0351 

.5 

■ 

.6 

.0735 

.6 

.0538 

.6 

.0424 

.6 

.0350 

.6 


.7 

.0730 

.7 

.0535 

,7 

.0422 

.7 

.0348 

.7 

B 1/^' fl 

.8 

.0725 

.8 

.0532 

.8 

.0420 

.8 

.0347 

.8 

B *1^' 

.9 

.0719 

.9 

.0529 

.9 

.0418 

.9 

.0346 

.9 

Bgfl 

14.0 

.0714 

19.0 

.0526 

24.0 

.0417 

29.0 

.0345 

84.0 

HIM 

.1 

.0709 

.1 

.0523 

.1 

.0415 

.1 

.0344 

.1 

BiiwK'fl 

.2 

.0704 

.2 

.0621 

.2 

.0413 

.2 

■ 

.2 

BPtTvfl 

.3 

.0699 

.3 

.0518 

,3 

.0411 

.3 

B 1 i ^ B 

.3 

.0291 

.4 

.0694 

.4 

,0515 

.4 

.0409 

.4 

B 1 B 

.4 

.0290 

.5 

.0690 

.5 

.0513 

,5 

.0408 

.5 

B 1 i ? B 

.5 

.0289 

.6 

.0685 

.6 

.0510 

.6 

.0406 

.6 

.0338 

.6 

■7t' ;• 

.7 

.0680 

.7 

.0508 

.7 

.0405 

.7 

.0337 

.7 

K< ^ >: 

.8 

,0676 

.8 

.0505 

.8 

.0403 

.8 

KMI 

.8 

Bl* ^ H 

.9 

.0671 

.9 

.0502 

.9 

.0402 

.9 

. 0334 

.9 

Bill ^ ^ 3 

16.0 

.0667 

20.0 

.0500 

26 ). 0 

.0400 

80.0 


35.0 


.1 

.0662 

.1 

.0497 

.1 

.0398 

.1 

.0332 

.1 

.0284 

.2 

.0668 

.2 

.0495 

.2 

.0397 

.2 

.0331 

.2 

.0284 

.3 

.0654 

.3 

.0493 

,3 

.0395 

.3 

.0330 

.3 

.0283 

.4 

.0649 

.4 

.0490 

.4 

.0394 

.4 

.0329 

.4 

.0282 

.6 

.0645 

.6 

.0488 

.5 

.0392 

.5 

BLMI 

.5 

.0282 

.6 

.0641 

.6 

.0485 

• .6 

.0391 

.6 

.0327 

.6 

.0281 

.7 

.0637 

,7 

.0483 

.7 , 

, .0389 

.7 

.0326 

.7 

.0280 

.8 

.0633 

.8 

.0481 

.8 

.0388 

.8 

.0325 

.8 


.9 

.0629 

.9 

.0478 

.9 

.0386 

.9 

.0324 

.9 



♦ pa§;e gSQ tOT suggestions reiStlYe tP tlx© use of tkis table. 
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TABLE 48 

Xaoeson-OilUs Clbbqbt Mibtboo IV 
(See page 234) 

(Bureau of Standards Sci. Papers No. 876) 

Colunm No. 1 is the algebraic sum of P— P' corrected to normality. Column 
No. 2 is the Clerget Divisor corresponding to that value of P— P'. Apply tempera- 
ture correction for exact temperature at which the invert polarization was read. 
Corrected Clerget Divisor divided into 100(P-P') “Clerget Sucrose. 

CLSBOET DXVISOB 


No. 1 

No. 2 

No. 1 

No. 2 

No. 1 

No. 2 

[9 

No. 2 

5 

131.78 

40 

132.01 

77 

132.26 

117 

132.52 

7 

131.80 

45 

132.04 

80 

132.28 

120 

132.54 

10 

131.82 

50 

132.08 

83 

132.29 

122 


12 

131.83 

55 

132.11 

85 

332.31 

125 


15 

131.85 

60 

132.15 

87 

132.33 

127 

132.59 

17 

131,87 

63 

132.16 

90 

132.35 

130 

132.61 

20 

131.89 

65 

132.18 

95 

132.38 

132.63 

132.63 

22 

131.90 

67 

132.19 

100 

132.41 

133 

132.63 

26 

131.92 

70 

132.21 

105 

132.44 



30 

131.95 

72 

132.22 

110 

132.47 



35 

131.98 

76 

132.24 

115 

132.51 




SUBTRACTIVE TEMPERATURE CORRECTIONS 



0.0 

0.1 

0.2 

0.3 

0.4 

0.6 

0.6 

0.7 

0.8 

0.9 

20 

0.00 

0.05 

0.11 

0.16 

0.21 

0.27 

0.32 

0.37 

0.42 

0.48 

21 

0.53 

0.58 

0.64 

0.69 

0,74 

0.80 


0.90 

0.95 

RiTa 

22 

1.06 

1.11 

1.17 

1.22 

1.27 

1.33 

1.38 

1.43 

1.48 

1.64 

23 

1.59 

1.64 

1.70 

1.75 

1.80 

1.86 

1.91 

1.96 

2.01 

2.07 

24 

2.12 

2,17 

2.23 

2.28 

2.33 

2.39 

2.44 

2.49 

2.54 

2.60 

25 

2.65 

2.70 

2.76 

2.81 

2.86 

2.92 

2.97 

3.02 

8.07 

3.13 

26 

3.18 

3.23 

3.29 

3.34 

3.39 

3.44 

3.50 

3.55 

3,60 

3.66 

27 

3.71 

3.76 

3.82 

3.87 

3.92 

3.98 

4.03 

4 08 

4.13 

4.19 

28 

4.24 

4.29 

4.35 

4.40 

4.46 

4.51 

4.56 

4.61 

4.66 

4.72 

29 

4.77 

4.82 

4.88 

4.93 

4.98 


5.09 

5.14 

6.19 

5.26 

30 

5.30 

5.35 

5.41 

5.46 

5.51 


5.62 

5.67 

6.72 

6.78 

3* 

5.83 

5.88 

5.94 

5.99 

6.04 

EVcfl 

6.15 

6.20 

6.25 

6.31 

32 

6.36 

6.41 

6.47 

6.62 

6.5r 

6.63 

6.68 

6.73 

6.78 

6.84 

33 

6.80 

6.94 

7.00 

7.05 

7.10 

7.16 

7.21 

7.26 

7.31 

7.37 

34 

7.42 

7.47 


7.58 

7.63 

7.69 

7.74 

7.79 

7.84 

7.90 

35 

7.95 


8.06 

8.11 

8.16 

8.22 

8.27 

8.32 

8.37 

8.43 































CaijCtti^atxnq the Pbb Cent Sucbose in Bagasse — (Spbngeb) 

Conditioiis: 100 gm. of bagasse; 1000 gm. water; dry lead clarification; 400 mm. observation tube; W =* (100+Water) - % fiber (marc) 
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For anhydride, =62.6+. 018796p+. 000616832)*; 

p = per cent d-glucose by weight of the solution. 
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TABLE 51 

Index op Substances that Abe ob Have Been Used fob Pubipting, Decoi^obizing 
AND Cdabipying Sugab-containinq Solutions ’ 

* Compilation by Prof. Dr. Edmund O. von Lippmann, printed in Deutsche 
Zuckerindustrie, Vol. XXXIV, page 9 (Jan.. 1909). — Translation supplied through 
the courtesy of Dr. Charles A. Browne, Bureau of Chemis-ry, Waslington. 

(A list of the abbreviations of references is given at the end of this index.) 

I. SULPBUB; its acids, compounds and DEBIVATIVES 

1. Sulphur (Leuchs III, 86; 1836). 

2. Hydrogen Sulphide (Sievier, 1847. in Woodcroft, 94; Hlavati, Chz., 28, 1180). 

8. Hydrogen Persulphide (Hlavati, Chz., 28, 1180). 

4. Sulphuric Acid (Achard, about 1800, Gesch., 407; Kessler, Z., 16, 760; Hage< 

mann, D. Z., 12, 491). 

5. Sulphuric Acid with Lime (Mgge, D., 115, 215). 

6. Sulphuric Acid with Zinc Chloride (Thiele, Chz., 20, 404). 

7. Sulphuric Acid with Zinc Sulphate (Terry, 1833, in Woodcroft, 54). 

8. Potassium or Sodium Sulphate (Macfadyen, 1830, Gesch., 423). 

9. Ammonium Sulphate (DuUo, D., 155, 71; Beanes, D., 167, 220). 

10. Sulphuric with Sulphurous Acid (Possoz, D., 170, 64). 


11. Sulphurous Acid (Drapiez, *‘Bull. de la Soci6t6 d’encourag.,’* Paris. 1811, X. 56; 

Perpere, 1812, and Dubrunfaut, 1829, Zerban, 1908. 

12. Sulphurous Acid and Hydrogen Sulphide (Hlavati, Bl. Ass., 16, 759). 

13. Sulphurous Acid with Calcium Bisulphite (Stolle, D., 114, 305). 

14. Sulphurous Acid with Chloride of Lime and Phenol (Meiner, Bl. Ass., 10, 165). 

15. Sulphurous Acid and Phenol (Kowalski, Z., 55, 396). 

16. Sodium Sulphite (Perrier and Possoz, Z., 12, 128; Rhmpler, N.Z., 30, 204). 

17. Potassium Sulphite (Cassel and Kempe, S. ind., 47, 684). 

18. Ammonium Sulphite (Beanes, D., 167, 220). 

19. Calcium Sulphite (Prout, 1810; Melsens, C. r., 55, 729; Calvert, Z., 12, 500). 

20. Barium Sulphite with Ozygen (BouUlant, S. ind., 50, 189). 

21. Magnesium Sulphite (Mehay, Z., 23, 47; Drost and Schulz, Oe., 1885, 891; 

Degener, D. Z., 24, 203). 

22. Lead Sulphite (ScofTern, 1847, in Woodcroft, 98). 

23. Ferrous Sulphite (Englert and Becker, N. Z., 16, 70). 

24. Aluminum Sulphite (Boulin, 1846, in Zerban, 15; Brands, 1846, Z., 44, 455; 

Mehay, Z., 23, 27). 

25. Aluminum Sulphite with Calcium Hydrate (Schubarth, Z., 2, 129). 

26. Aluminum Sulphite with Manganese Sulphate (Mass6, Z., 10, 256). 

27. Acid Potassium Sulphite (Z., 1, 254; Cassel and Kempe, S. ind., 47, 684). 

28. Acid Sodium Sulphite (Perrier and Possoz, Z., 12, 128). 

29. Acid Alkali Sulphite with Calcium Bisulphite (AUabard, Engl. Patent No. ?). 

30. Acid Calcium Sulphite (Stolle, 1838, in Zerban, 15; Melsens, D., 117, 136; 

Reynoso, Z., 12, 500)., 

31. Acid Calcium Sulphite with ^um (Leyde, Z., 1, 365). 

32. Acid Calcium Sulphite and Calcium Hydrate and Alum (Lapeyrere, S.‘ ind., 

27, 568). 

33. Acid Barium Sxilphite, also with Alum (Lapeyrere, see above). 

34. Apid, Strontium Sulphite (Melsens, S. ind., 9, 379). 

35. Add Magnesium Sulphite (Mehay, Z., 23, 26; Hulwa, Oe., 13, 465; Saillard, 

,S. ind., 42, §2).. 

36. Acid Iron Sulphite (Becker, N. Z., 16, 6). 

37. Acid Aluminum Sulphite (Stolle, 1838, S. ind., 8, 295; Becker, Z., 35, 924). 

38. Add Aluminum Sulphite with Aluminum Phosphate (Schiller, Z. B., 12, 509). 
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39. Calcium Trisulphite (?) (Labarre, Oe.« 18, 36). 

40. Basic Magnesium Sxilphite (Berggreen, B., 16, 2642). 


41. Hyposulphurous Acid (Talamo, N. Z., 29, 211; Baudry, Z., S3, 260). 

42. Sodium Hyposulphite (Thiele, Chz., 20, 404). 

43. Sodium Hyposulphite with Lime and Aluminum Acetate (D. Z„ 33, 912). 

44. Sodium Hyposulphite with Phosphoric Acid or Phosphates (Stein and Croslield, 

Z., S3, 1334). 

45. Hyposulphites of the Alkaline Earths and Magnesia (Reece and Price, 1849, in 

Woodcroft, 106). 

46. Hydrosulphurous Acid (Ranson, Oe., 26, 737). 

47. Ammonium Hydrosulphite (Descamps, S. ind., 65, 673). 

48. Sodium Hydrosulphite (Thiele, Chz., 20, 404; Schiller, Z. B., 22, 683). 

49. Calcium Hydrosulphite with Barium Hydrate (Descamps, S. ind., 65, 673). 

50. Hydrosulphite of Calcium, Barium or Strontium (Descamps, S. ind., 65, 673). 

51. Magnesium Hydrosulphite (Becker, Z., 36, 978). 

52. Cadmium Hydrosulphite (XJrbain, S. ind., 50, 31). 

53. Zinc Hydrosulphite (XJrbain, see above). 

54. Double Salt of Zinc Hydrosulphite with Sodium Chloride or Bromide and 

Ammonium Chloride or Fluoride (Harding, S. ind., 66, 742). 

55. Iron or Manganese Hydrosulphite (Descamps, S. ind., 65, 673). 

56. Aluminum Hydrosulphite (Descamps, see above). 

57. Hydrosulphite of Alumina (Becker, Z., 36, 978). 

58. Hydrosulphurous Acid and Phenol (Kowalski, Z., 55, 396). 


II. PHOSPHOntTS; its acids, compounds and D^CBIVATIVIBS 

59. Phosphorus Sulphide (Hlavati, Chz., 27, 254). 


60. Phosphoric Acid (Stammer, Z., 9, 433). 

61. Sodium Phosphate (Kuhlmann, Z., 2, 130). 

62. Potassium Phosphate (Blanchard, B., 6, 153). 

63. Ammonium Phosphate (Kuhlmann, Z., 2, 92; Beanes, Amer. patent, 1862). 

64. Sodium Calcium Phosphate (Gwynne, Z., 3, 292). 

65. Calcium Phosphate (Oxland, Z., 2, 130; Ostermann, S. ind., 40, 598). 

66. Barium Phosphate (Heflter, Oe., 22, 71). 

67. Strontium Phosphate (Helfter, see above). 

68. Magnesium Phosphate (Kessler, Z., 15, 525). 

69. Phosphate of Alumina (Oxland, Z., 2, 130). 

70. Acid Ammonium Phosphate (Packert, S. ind., 25, 25). 

71. Acid Ammonium Phosphate with Barium Hydrate (Chameroy, S. ind., 51, 173). 

72. Acid Calcium Phosphate (Richter, 1834, Z., 44, 446; Schott, N. Z., 14, 314). 

73. Acid Calcium Phosphate with Calcium Bisulphite (Barthel6my, S. ind., 52, 468). 

74. Acid Calcium Phosphate with Magnesium Sulphate (Kessler, Z., 15, 51). 

75. Acid Barium Phosphate (Manoury, J. Fabr., 29, 24). 

76. Acid Magnesium Phosphate (Kessler. Z., 15, 51). 

77. Acid Phosphate of Alumina (Oxland, Z., 2, 130). 

78. Calcium Superphosphate (Maguln, J. Fabr., 29, 23). 

79. Superphosphate of Alumina (Daubeny, 1857, in Ling-Roth, 23; Stubbs, Bl, Ass., 

9,. 912). 

80. Commercial Superphosphate (Casamajor, Z., 34, 1269). 

81. Tiihasic Calcium I^osphate, also with Sulphurous Acid (Packert, S. ind., 25, 25). 

82. Tribasic Calcium Phosphate with Alum (Kessler, Z., 15, 51). 

83. Tribasic Calcium Phosphate with Ammonium Phosphate (Leplay, Z., 12, 193). 

84. Tribasic Phosphate of Alumina with Sulphurous Acid (Packert, S. Ind., 26, 25). 

85. Manganese Pho^hate (Lefranc, S, ind., 68, 410), 

86. Metaphosphorie Acid (Bielmann, S. O., 28, 386; MUlter, S. ind., *47, 410). 
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87. Sodium Calcium Metaphosphate (Gwynne and Young, 1836, in Woodcroft, 59). 

88. Sodium Calcium Pyrophosphate (Gwynne and Young, see above). 

89. Phosphorous Acid (Hlavati, Chz., 27, 2S4). 

90. Phosphite of Alumina (Spence. 2., 31, 231). 

91. Acid Phosphites and Sulphites (Kuhnel, Prager Marktb., 1888, 168). 

92. Phospho-sulphites of the Alkalies and Alkaline Earths (Prangey and Qrobert, 

S. ind., 54, 425). 

93. Hypophosphorous Add (Hlavati, Chz., 27, 254). 


m. BOBON, SIIJCOK, CABBON, THXXB ACIDS, COMPOUNDS AND 
DBBrVATTVBS 

94. Boric Acid (Payen, 1828, in Weber I, 565). 

95. Boric Acid with Sulphur Powder (Fancher and Clarke, Bl. Ass., 9, 912). 

96. Boric Add and Borates of the Alkaline Earths (Oppermann, Z., 30, 533; Brear, 

B., 15, 1224). 

97. Ammonium Borate (Besson, J. Fabr., 43, 1). 

98. Borax (Brear, B., 15, 1224). 

99. Hydrofluoboric Acid (Hlavati, Z., 53, 258). 


300. Silicon Fluoride (Hlavati, Z., 52, 758). 

101. Silidc Acid (Leuchs III, 86, 1836). 

102. Silicic Acid (Kieselguhr), (Heddle, Oe., 16, 441). 

103. Kieselguhr and Saw-dust (Soxhlet, Z., 43, 972). 

104. Hydrated Silicic Acid (Schubarth, Z., 2, 92). 

105. Potassium Silicate, also with Gypsum (Schott, D., 251, 91). 

106. Sodium Silicate (Wagner, Z., 9, 331). 

107. Polysilicates of Magnesium and Aluminum (Hlavati, Chz., 28, 1180). 

108. Zinc Silicate (Hlavati, see above). 

109. Silicate of Alumina, e.p., Brick Dust (Maumen4, textbook). 

110. Silicate of Alumina, e.p.. Brick Dust, with Caustic Lime (Breyer, Z., 54, 1271). 

111. Hydrofluosilicic Acid (Kessler, Z., 16, 760; Gin, Z., 46, 627; Schoonjans, Chz., 

30, 382). 

112. Ammonium Hydrofluosilicate (Mills, N. Z., 39, 115; Whiteman, S. C., 1903, 565). 

113. Ammonium Hydrofluosilicate with Lime (Hlavati, Chz., 28, 1110). 

114. Hydrofluosilicic Acid with Calcium Carbonate (Marix, Bl., 1869, 346). 

115. Magnesium Hydrofluosilicate (Kessler. Z., 16, 760). 

116. Zinc Hydrofluosilicate (Rivibre, Bl. Ass., 25, 603). 

117. Lead Hydrofluosilicate (Vivien, Bl. Ass., 8, 24; Sokol, Chz., 21, R., 68). 

118. Basic Lead Salt of Hydrofluosilicic Acid (Hlavati, Chz., 28, 1180). 

119. Aluminum Hydrofluosilicate (Riviere, J. Fabr., 49, 18). 

120. Iron Hydrofluosilicate (Lefranc, Z., 41, 498; Drost Patent, 54, 372). 

121. Hydrofluosilicic Acid with Powdered Iron or Aluminum (Mertens, S. ind., 63, 

669). 

122. Manganese Hydrofluosilicate (Kessler, Z., 16, 760). 

123. Hydrofluosilicate of Alumina (Kessler, Z., 15, 525). 

124. Hydrofluosilicic Acid with Alumina (Gin, S. ind., 46, 48). 

125. Carbonic Acid (Barruell, 1811; Oe., 23, 946; Leuchs, 1836, HI, 86). 

126. Potassium Carbonate, also with Fuller’s Earth (Freund, 1827, Gesch, 369). 

127. Sodium Carbonate (Dubninfaut, about 1830 (?), ClSmandot in Weber, III, 668). 

128. Sodium Potassium Carbonate (Richard, 1856, in Woodcroft, 211). 

129. Ammonium Carbonate (Payen, 1828, in Weber, I, 566; Nind, Z.. 1, 596; Stam- 

mer, Z., 9, 430). 

130. Acid Sodium Carbonate (Perrier and Possoz, St. J., 1863, 350). 

131. Acid Sodium Carbonate with Alum (Salisbury, Z., 64, 849). 

132. Acid Ammonium Carbonate (Dubrunfaut, about 1830 (?),). 

133. Potassium Percarboiiate (Bismer. Oe., 38, 634). 
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IV. HTDBOOBN, OXTGEN, HALOGENS, NITEOGEN, THEIB ACIDS, COMPOUNDS 
AND DEBIVATIVBS 

134. Nascent Hydrogen, from Hydroperoxide with Zinc, Lead or Manganese 
(Manoury, Z., 48, 140). 

136- Hydrogen Peroxide (Frank, Z., 11, 392). 

136. Hydrogen Peroxide with Phosphoric Acid or Alkaline Phosphates (Stein and 

Crosfield, Oe., 28, 181). 

137. Hydrogen Peroxide with Phosphoric Add and Magnesia (Pechnik and Bbgel 

in Z., 25, 127). 

138. Hydrogen Peroxide and Bone Black (Ranson, Oe., 26, 737). 

139. Oxygen Gas (Reboux, S. ind., 36, 150; Wayland, S. C., 1893, 611). 

140. Ozonized Air (Schneller and Wisse, S. ind., 39, 467). 

141. Air and Ozonized Air (Steffens, S. ind., 72, 214). 

142. Ozone (Beanes, 1866, in Woodcroft, 392; Lee, B., 2, 64). 

143. Ozone with Chlorine and Soda (Brin, Engl. Patent, 2297). 

144. Ozonized Chlorine (?) (Lewidd, Z., 54, 245). 

145. Ozone with Sulphurous Acid and Barium Hydrate (Verley, S. ind., 63, 301). 

146. Ozone with Chloride of Lime and Alumina (Brin, Engl. Patent, 2297). 


147. Chlorine Gas (Strathing and Smit, 1820, Z., 49, 370; Z., 1, 258; Siemens, 1859, 

Z., 44, 458; Duncan, St. J., 1882, 274). 

148. Liquefied Chlorine (Reboux, S. ind., 36, 150). 

149. Chlorine with Carbonic Acid (Bismer, Oe., 38, 532). 

150. Chlorine with Acetylene (Carlee, D. Z., 33, 738). 

151. Chlorine with Ethylene (Kitsee, S. C., II, 2, 49). 

152. Hydrochloric Acid (Margueritte, S. ind., 8, 71; Kessler, Z., 16, 761; Erk, Z., 

26, 288). 

153. Hydrochloric Acid with Metallic Powders (Hlavati, Z., 52, 758). 

154. Hydrochloric Acid with Alum (Thiele, Chz., 20, 404). 

155. Ammonium Chloride (Macfadyen, 1830, Gesch., 423; Reboux, Z., 84, 94; 

Licht, St. J., 24, 415). 

156. Potassium Chloride (Macfadyen, 1830, Gesch., 423). 

157. Sodium Chloride (Nash, 1852, in Woodcroft, 161). 

158. Hypochlorous Acid (Z., 1, 255; Bismer, Oe., 34, 532). 

159. Hypochlorous Acid Anhydride (Lagarigue, S. ind., 35, 549). 

160. Hjrpochlorites of Alkalies (Dobler, S. ind., 66, 617; Hafner, Oe., 37, 86), 

161. Hypochlorites of Alkaline Earths (Herapath, 1862, in Woodcroft, 320). 

162. Hypochlorite of Alumina (used in England about 1880). 


163. Bromine (Maumen§, S. ind., 1895, 577). 

164. Hydrofluoric Acid (Filckenhaus, Z., 15, 43; Schoonjans, Chz., 29, 889). 

165. Ammonium Fluoride (Besson, Chz., 27, 863, Bartz, 125). 

166. Ammonium Fluoride with Aluminum (Voss, Z., 50, 438). 

167. Magnesium Fluoride (Kessler, S. ind., 1, 363). 

168. Calcium Fluoride (Kessler, S. ind., 1, 363; Abraham, G. Z., 11, 886). 


169. Nitrous Oxide (Melsens, 1849, D. Z., 25, 1360; Hlavati, Chz., 28, 1180). 

170. Nitrous Acid (Drapiez, in Blachette-Zoega, 1833, 264; Newton, 1849, In Wood- 

craft. 111). 

171. Nitrites of the Alkalies and Alkaline Earths (Decastro, Z., 29, 270). 

172. Nitric Acid (Kessler, Z., 16, 61). 

173. Calcium Nitrate (Decastro, Z., 29, 270). 

174. Potassium Nitrate (Macfadyen, 1830; Gesch., 423). 
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T. ALELAJUEESt ALSZALINS EARTS8, AMD THJSSIR COMPOUNDS 

175. Ammonia (Nash, 1852, in Woodcroft, 152; Michaelis, Z., 2, 448). 

176. Ammonia, also with Caustic Lime (Marot, B., 9, 643). 

177. Ammonia with Magnesium or Aluminum Sulphate (Hlavati, S. ind., 65, 673). 

178. Ammonia with Oxalic Acid (Blavati, Z., 56, 300). 

179. Ammonium Sulphide (Bandris, 1853, in lang-Roth, 107). 

180. Caustic Potash with Alkali Carbonate (partially causticated plant ash), about 

700 in Egypt, Gesch., 134 and 287). 

181. Potassium Sulphide or Sodium Sulphide (Bandris, see 179). 

182. Sodium acetate (Margueritte and Maumen6, Z., 28, 845). 


183. Calcium Peroxide (Hlavati, Chz., 27, 254). 

184. Caustic Lime and Hydrated Lime (in Egypt about 700, Gesch., 134 and 287). 

185. Calcium Hydrate with Soda (Beuster, J. Fabr., 32, 2). 

186. Calcium Hydrate with Gypsum (Nathuslus, in Bley, 75). 

187. Calcium Chloride (Balling, 1837, Z., 44, 452; Michaelis, Z., 2, 65). 

188. Chloride of Lime (Brandes, 1824, Z., 44, 447, Z, 7. 423). 

189. Chloride of Lime with Sulphurous Acid (Hafner and Bismer, Oe., 37, 199). 

190. Calcium Chloride with Lime or Magnesia (Guignard, Z., 53. 446). 

191. Calcium Carbonate (MaumenS, J. Fabr., 17, 22). 

192. Calcium Carbonate with Milk of Lime (Dabrowski, Z., 50. 615). 

193. Calcium Bicarbonate (Reece and Price, 1849, in Woodcroft, 106). 

194. Calcium Nitrate with Sulphate of Alumina (Pape, Chz., 12, 30). 

195. Calcium Sulphate (Howard, 1810, Gesch., 368; Druke, 1816, in Woodcroft, 23; 

Leyde, Z., 1, 378; Duquesne, D., 196, 83). 

196. Calcium Sulphate with Lime (Kassner, D. Z., 29, 2151). 

197. Calcined Gypsum with Lime (Lelsy, D. Z., 33, 919). 

198. Calcium Acetate (Barth, 1832, Z., 44, 449; Durieux, St. J., 8, 334). 

199. Calcium Borate (Klein, B„ 9, 1433). 

200. Calcium Sulphide (Drapiez in Blachette-Zoega, 1833, 264). 

201. Calcium Sulphide with Magnesium Sulphate (Drummond, D., 203, 325). 

202. Calcium Persulphide (Talamo, S. ind., 40, 57). 

203. Calcium Sulphuret (Reece and Price, 1849, in Woodcroft, 106). 

204. Polysulphurets of Calcium or Calcium Sulphide with Ammonia and Sulphurous 

Acid (Hlavati, S. ind., 72, 487). 

205. Calcium Carbide (Riviere, Bl. Ass., 15, 583). 


206. Barium Oxide Hydrate (Lagrange, J. Fabr., 14, 34; Du Beaufret and Manoury, 

Z., 40, 590). 

207. Barium Oxide Hydrate with Ammonium Phosphate (Lagrange, J. Fabr., 14, 34). 

208. Barium Oxide Hydrate with Soda (Oppermann, Z., 40, 592). 

209. Barium Oxide Hydrate with Iron Vitriol (Curley, S. ind., 43, 361). 

210. Barium Peroxide (Beaudet, D. Z., 18, 1824). 

211. Barium Peroxide with Phosphoric Add (Stein and Crosfidd, Z., 53, 1334). 

212. Barium Peroxide Hydrate (Ranson, S. ind., 47, 251). 

213. Barium Chloride (Licht, B., 15, 1471). 

214. Barium Chloride with Caustic Soda (Plique, D. Z., 2, 51). 

215. Barium Carbonate (Seyferth, Z., 25, 611; HefFter, Oe., 22, 71; Weisberg, S. ind., 

64, 429). 

216. Barium Carbonate with Sodium Phosphate and Sulphurous Acid (Packert, 

S. ind., 25, 25). 

217. Barium Carbonate with Sulphate of Alumina (Eisenstuck, St. J., 3, 244). 

218. Barium Carbonate with Potassium Permanganate (Talamo, N. Z., 29, 210). 

219. Barium Sulphate with Barium Chloride and Lime (Haesendonck, S. ind., 43, 598). 

220. Barium Sulphide and Sulphuret (Reece and Price, 1849, in Woodcroft, 106; 

Weisberg, S. iiid., 64, 429). 

221. Barium Sulphide with Caustic Soda (Romigui6res, S. ind., 26, 682). 
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222. Barium Sulphide with Magnesium Sulphate (Drummond, D., 203, 325). 

223. Barium Manganate (Lefranc, BL Ass., 18, 962). 

224. Barium Silicate (Hlavati, S. ind., 65, 675). 

225. Barium Carbide (Riviere, Bl. Ass., 15, 583). 

226. Barium Carbide with Barium Hydrate (Battistoni, S. ind., 68, 198). 


227. Strontium Oxide (Moureaux, Bl. Ass., 19, 1483). 

228. Strontium Oxide Hydrate (Scheibler, Z., 32, 986). 

229. Strontium Oxide Hydrate with Iron Sulphate (Curely, S. ind., 43, 361). 

230. Strontium Chloride (Kottmann, Z., 32, 899). 

231. Strontium Carbonate (Heffter, Oe., 22, 41). 

232. Strontium Sulphite and Sulphuret (Reece and Price, 1849, in Woodcroft, 106). 

233. Magnesium Alloyed with Potassium, Sodium, Copper, Mercury, Tin, Zinc, or 

Antimony (Besson, Oe., 36, 466). 

234. Magnesium Powder with Alkalies (Ranson, Chz., 21, 1033). 

235. Magnesium Powder with Acids (Manoury, S. ind., 51, 103). 

236. Magnesium Oxide (Th4nard, Z., 13, 128). 

237. Magnesium Oxide Hydrate (Riimpler, D. Z., 4, 52; Oppermann, N. Z., 18, 216). 

238. Magnesium Oxide Hydrate with Sulphurous Acid and Lime (Koebig, S. C., 

1894, 274). 

239. Magnesium Oxide Hydrate with Magnesium Carbonate (Riimpler, D. Z., 4, 180). 

240. Magnesium Calcium (Dolomite), Oxide Hydrate (Oppermann and Manoury, 

S. ind., 1888, 240). 

241. Magnesium Chloride (Nash, 1852, in Woodcroft, 151; Kessler, Z., 16, 760; 

Z., 23, 74; Drenckmann, D. Z., 17, 1468). 

242. Magnesium Carbonate (Reich, Z., 6, 173; Spreckels, Chz., 28, 1070). 

243. Magnesium Subcarbonate (Stenhouse, 1856, in Woodcroft, 216). 

244. Magnesium Bicarbonate (Reece and Price, 1849, in Woodcroft, 106; N. Z., 25, 91). 

245. Dolomite (Dubreul, B., 6, 155). 

246. Magnesium Sulphate (Bayvet, Z., 10, 256). 

247. Magnesium Sulphate with Lime or Baryta (Manoury, S. ind., 26, 680). 

248. Magnesium Sulphate with Alcohol (Degener, Chz., 12, 174). 

249. Magnesium Sulphide (Dubreul, J. Pabr., 13, 27; Riviere, Bl. Ass., 15, 683). 

250. Magnesium Sulphide and Sulphuret (Reece and Price, 1849, in Woodcroft, 106), 

251. Magnesium Silicate (Hlavati, S. ind., 65, 674). 

252. Magnesium Carbide (Riviere, BL Ass., 15, 583), 

253. Radium (?) (C. Z., 1908, 466). 


VI. METALS Ain> THBIB COMPOUKTDS 

254. Aluminum Dust (Ranson, Chz., 21, 1033). 

255. Aluminum Dust with Alkalies (Ranson, see above). 

256. Aluminum Dust with Ammonium Sulphite (Besson, Bl. Ass., 19, 800). 

257. Aluminum Dust with Hydrofluoric Acid or Hydrofluosilicic Acid (Mertens, Z., 

54, 118). 

268. Aluminum Alloys, also with Copper or Zinc Dust (Bessen, Chz., 28, 529). 

259. Aluminum Chloride (Nash, 1852, in Woodcroft, 161; Heffter, Oe., 22, 71). 

260. Aluminum Chloride with Lime (Siemens, St. J., 18, 256). 

261. Aluminum fluoride (Kessler, Z., 15, 525). 

262. Alumina (about 700 in Egypt, Gesch, 135 and 295; Murray, about 1802, Gesch., 

368). 

263. Hydrate of Alumina (Howard, 1810, Gesch., 368; Z., 2, 92). 

264. C<^oidal Alumina (Lbwig, Z., 29, 905). 

265. Fuller's Earth (Fritsche, Z., 35, 361). 

26S. Sodium Aluminate also with Sulphurous Acid <BesSon, Bl. Ass., 25, 733). 

2F7. Aluminate of the Alkaline Earths (P!Ucqu^, D. Z., 2, 51). 

268. Calcium Aluminate (Oxland, Z., 2, 92). 

269. Basic Calcium Alxnninate (Gul,' Z.j 46, 202). 
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270. Tetra- and Hexa-Basic Aluminate of Caldum or Barium (Gin and Leleux, 

Bl. Ass., 16, 707). 

271. Aluminate of Barium or Strontium (Jacquemart, French Patent, 51, 908, 1861; 

Remhert, Bl. Ass., 20, 747). 

272. Barium Aluminate with Ammonia Alum (Geistodt, Z., 28, 843). 

273. Barium Aluminate with Sulphurous Acid (Jaluzot, S. hid., 63, 690). 

274. Barium Aluminate with Aluminum Sulphate (Jaluzot, see above). 

275. Magnesium Aluminate (used about 1888; Hlavati, S. ind., 65, 674). 

276. Sulphite of Alumina (Kessler, Z., 15, 525; Mass5, 1860, Z., 44, 458). 

277. Sulphate of Alumina with Phosphoric Acid (Stein and Croshdd, Oe., 28, 183). 

278. Basic Sulphate of Alumina (Hunt, Z., 30, 361; Briinjes, D. Z.. 25, 19). 

279. Alum (about 700 in Egypt, Gesch., 135; Hermbstaedt, “Anleit. z. Fabrik. 

des Zuckeis,” Berlin, 1811, 86). 

280. Alum with Sodium Carbonate (Salisbury, Z., 54, 1274). 

281. Alum with Lime and Alcohol (Derosne, Oe., 23, 948). 

282. Alum also with Sulphate of Alumina (Howard, 1812, Z., 44, 446). 

283. Aluminum Acetate (Oxland, 1850, in Ling-Roth., 121; Schubarth, Z., 2, 92). 

284. Tartrate of Alumina (Dumas, C. Z., 1906, 939). 

285. Oxalate of Alumina (Sievier, 1847, in Woodcroft, 94; Mialhe, D., 99, 482; 

Dumas, C. Z., 1906, 939). 

286. Aluminum Phosphate (Oxland, Z., 2, 92, and 2, 130). 

287. Aluminum Silicate (Maumen6, Lehrbuch). 

288. Aluminate Silicates (Gans, Z., 57, 206). 

289. Iron- and Quartz-containing Clay (Harm, D. Z.. 22, 1104). 

290. Aluminum Sulphide (Hlavati, Chz., 27, 254). 

291. Ferrous Oxide (Hills, 1850, in Woodcroft, 121). 

292. Iron Hydroxide, also with Gypsum (Rousseau, Z., 11, 671). 

293. Iron Sesquioxide, also with Ozone (Wayland, Chz., 19, 1519) 

294. Iron Sesquioxide Hydrate (Wackemie, S. ind., 47, 215). 

295. Iron Peroxide (Reynolds, 1859, in Woodcroft, 250). 

296. Iron Ochre (Martineau, 1815, in Woodcroft, 21). 

297. Iron Chloride (Sievier, 1847, in Woodcroft. 94; Karl, Z., 18, 317; Licht, N. Z., 

11, 63). 

298. Ferrous Chloride (MaumenS, S. ind., 1895, 577). 

299. Iron Oxy-chloride (Spunt and Schachtrupp, N. Z., 30, 216). 

300. Ferrous Fluoride (Junius and Gouthiere, Chz., 25, 603). 

301. Iron Carbonate (Reynolds, 1859, in Woodcroft, 250). 

302. Ferric Sulphate (Sievier, 1847, in Woodcroft, 94; Karl, Z., 18, 317). 

303. Basic Ferric Sulphate (Mehrle, Z., 32, 385). 

304. Ferrous Sulphate (Bayvet, Z., 10, 256; Mehrle, Z., 32, 385). 

305. Iron Vitriol with Alkaline Earths (Curely, S. ind., 43, 361). 

306. Iron Vitriol with Barium Hydrate (Beaufret, Bl. Ass., 10, 803). 

307. Iron Vitriol with Gypsum (Lohmann, 1817, Z., 44, 447). 

308. Iron Vitriol with Zinc (Schetke, Chz., 1906, 23). 

309. Iron Vitriol with Albuminates (Karl, Z., 18, 317). 

310. Iron Nitrate (Sievier, 1847, in Woodcroft, 94). 

311. Salts of Ferric Acid, so-called “ Ferrites** (Liesenberg, about 1892). 

312. Iron Cyanide and Sulphurous Acid (Thompson, Z., 50, 957). 

313. Potassium Ferrocyanide (Sievier, 1847, in Woodcroft, 94). 

314. Potassium Ferrocyanide, also with Sulphurous Acid (Boot, Java Archiv., 1903, 

1046). 

315. Calcium Ferrocyanide (Therry, 1833, in Woodcroft, 54). 

316. Chromium Peroxide (Piettre, Bl. Ass., 19, 1381). 

317. Chromic Acid and Salts of Chromic Acid (Maumen6, S. ind., 1895, 57). 

318. Acid Chromic Acid Salts (MaumenA see above). 

319. Chromium Sulphate (Lefranc, S. ind., 58, 410). 

320. Chromium Phosphate (Lefranc, see above). 
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321. Manganese Dust with Adds (Manoury, S. ind.t 51, 103). 

322. Manganese Oxide (Spreckels, Chz., 28, 1270). 

323. Manganous Oxide (Eachran, D., 251, 91). 

324. Manganese Dioxide (about 1836, Bley, 47; Frlckenhaus, Z., 10, 301; Piettre. 

Bl. Ass., 19, 1351). 

325. Manganese Chloride (Manoury, about 1880). 

326. Manganese Chloride with Oxalic Acid (Fontenille, S. ind., 54, 425). 

327. Manganese Carbonate (Newton, 1859, in Woodcroft, 253). 

328. Manganese Sulphate (Mass6, Z., 10, 256). 

329. Manganates of the Alkalies and Alkaline Earths (Hawes, 1853, in Woodcroft, 

163). 

330. Sodium Manganate (Knaggs, 1866, in Woodcroft, 384). 

331. Manganate of Lime (Z., 1, 256; Lefranc, Bl. Ass., 18, 962). 

332. Potassium Permanganate (Maumen5, J. Fabr., 1894, 51). 

333. Sodium Permanganate (Knaggs, 1866, in Woodcroft, 384). 

334. Caldum Permanganate (FayoUe, S. ind., 52, 554). 

335. Aluminum Permanganate (Fayolle, see above). 

336. Permanganates with Barium Carbonate and Oxalic Acid (Talamo, N. Z., 29, 210). 

337. Copper Sulphate with Lime (Hlavati, Z., 56, 300). 

338. Lead Dust, also with Acids (Manoury, S. ind., 51, 103). 

339. Lead with Sulphides of the Alkalies (Bandris, Ling-Hoth, 107). 

340. Lead Oxide (about 1836, Bley, 126). 

341. Plumbic Hydrate (Gwynne, Z., 3, 392; Lagrange, S. ind., 1892, 468; Wohl and 

Kollrepp, Z., 55, 60. 

342. Litharge (Pfeifer and Langen, N. Z., 19, 131). 

343. Lead Peroxide (Maumeng, S. ind., 1895, 577; Piettre, Bl. Ass., 19, 1351). 

344. Flumbites of the Alkaline Earths (Galloway, 1852, in Woodcroft, 147). 

345. Lead Carbonate (Hills, 1850, in Woodcroft, 121; Besson, Chz., 28, 1270). 

346. Lead Sulphate (Scoffem, 1850, in Woodcroft, 115). 

347. Lead Nitrate (Lagrange, S. ind., 1892, 468). 

348. Lead Nitrate with Sulphate of Alumina (Pape, Chz., 12, 30). 

349. Basic Lead Nitrate (Wohl and Kollrepp, Z., 55, 60). 

350. Lead Acetate (Scoffem, 1847, in Zerhan, 15; Gwynne, Z., 3, 392). 

351. Iiead Subacetate, also with Sodium Sulphide (Maumene). 

352. Lead Subacetate with Chalk (Pajot de Charmes, 1821, Gesch., 369). 

353. Lead Subacetate with Sulphurous Add (Scoffem, D., 117, 265; Ling- Roth, 81 

and 82.) 

354. Lead Triacetate (?) (Gwynne and Young, in Woodcroft, 59). 

355. Lead Saccharate (Gwynne, 1850, in Woodcroft, 116; Wohl and Kollrepp, Z., 

54, 854). 

350. Lead Albuminate (Gwynne and Young, 1836, in Woodcroft, 59). 


357. Zinc Dust with Mineral Acids (Manoury, S. ind., 51, 103). 

358. Zinc Dust with Sulphuric Acid and Barium Sulphide (Cripo, St. J., 24, 416). 
*359. Zinc Dust with Sulphurous Add, also with Ferrocyanides (Boot, Oe., 27, 717). 

360. Zinc Dust with Hydrofluoric Add (Mertens, Z., 54, 118). 

361. Zinc Dust with Tartaric Add (Koi)erski, Z., 54, 1271). 

362. Zinc Dust with Alkalies (Ranson, Chz., 21, 1033). 

363. Zinc Dust with Dolomite (Hlavati, Bl. Ass., 16, 759). 

364. Zinc Dust with Ammonium Sulphide (Brunn, Chz., 81, R., 459). 

365. Coppered Zinc-Powder (Verley, Chz., 24, 596). 

3616. Zinc Iron Alloys (Mertens, Z., 54, 118). 

367. Zinc Chloride (Gauchy, N. Z., 13, 43; Heffter, Oe, 22, 71). 

368. Zinc Fluoride (Hlavati. Z., S3. 258). 

363. Zinc Oxide (about 1836, Bley, 126). 

370. Zinc Hydrate (Wflson, 1815, Gesch., 368). 

371. Zinc Hydrocarbonate (Perrin, Chz., 22, 54; Mittelstaedt, D. Z., 23, 1112). 

372. Zinc Hydrocarbonate with Oxalic Acid (Moureaux, Bl. Ass., 19, 148.3), 
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373. Zinc Sulphate (Wilson, 1818, in Woodcroft, 27; Z.. 44, 447; Hermbstadt, in 

Weber, 1829, 100). 

374. Zinc Sulphate with Barium Hydrate (Wackemie, S. ind., 53, 201. 61, 718). 

375. Zinc Nitrate (Decastro, St. J., 19, 340). 

376. Zinc Nitrate with Alkali Sulphide (Decastro, see No. 375). 

377. Zinc Nitrate with Calcium Sulphide or Barium Sulphide (Decastro, see No. 375). 

378. Zinc Aluminate (Hlavati, S. ind., 65, 674). 


379. Cadmium Oxide (Mouraux, Bl. Ass., 19, 1483). 

380. Cadmium Carbonate (Morauz, see No. 379). 


381. Tin Dust (Besson, Chz., 27, 863). 

382. Stannic Oxide, also with Soda (B., 19, B., 520). 

383. Stannic Hydrate (Wilson, 1815, Gesch., 368). 

384. Stannic Chloride (Nash, 1852, in Woodcroft, 151; Maumen§, J. Fabr., 20, 7). 

385. Stannous Chloride (Nash, 1852, see No. 384; Havemeyer, 1869, in Zerban, 77; 

Manoury, Z., 34, 1275; Maumen8; 8. ind., 1895, 577). 

386. Stannous Chloride with Sulphuric A<dd (Thiele, Chz., 20, 404). 

387. Stannous Nitrochloride (Nash, 1852, see No. 384). 

388. Stannous Fluoride (Ranson, Chz., 24, 1026). 

389. Stannic Sulphate (Anderson, 1856, in Woodcroft. 218). 

390. Stannous Sulphate (Oe., 15, 76). 

391. Tin Nitrate (Reynolds, 1859, in Woodcroft, 260). 

392. Tin Chloronitrate (Reynolds, 1859, see No. 391). 

393. Stannic Acid or Metastannic Acid (Reynolds, 1859, see No. 391). 

394. Stannates of the Alkalies (Reynolds, 1859, see No. 391). 

395. Stannates of the Alkaline Earths (Reynolds, 1859, see No. 391). 

396. Metastannates of the Alkalies and Alkaline Earths (Reynolds, 1859, see No. 391) 

397. Aluminum Metastannate (Reynolds, 1859, see No. 391). 

398. Mercury Peroxide (Piettre, Bl. Ass., 19, 1351). 

399. Mercuric Nitrate (S. C., II, 4, 216). 


400. Antimony Dust (Besson, Chz., 27, 863), 

401. Antimony Tin Alloy (Mertens, S. ind., 63, 659). 

402. Antimony Peroxide (Piettre, see No. 398). 

403. Antimony Sulphide (about 1670, Gesch., 314). 

404. Bismuth Nitrate (Sievier, 1847, in Woodcroft, 94). 

405. Bismuth Salts (Hawes, 1853, in Woodcroft, 163). 

406. Ammonium Molybdate (Wichardt, D. Z., 31, 652). 


407. Salts of Tungstic Acid (Reynolds, 1859, in Woodcroft, 259). 


408. Titanic Acid (Employed in England about 1880). 

409. Ferrititanite (Liesenberg, about 1892). 

410. Thorium- and Monazite-Earths (Browne, C. Z., 1904, 568). 


VTI. ORGANIC BTIBBTANCEB AND COMPOUNDS; BONE BLACK AND XTB 
SUBSTITUTES 

411. Extract of Gall- Apples (about 700 in Egypt, Gesch., 135). 

412. Tannins and Tanning Liquors (Dorion, 1816, Z., 49, 578; Leuchs, 1836; III. 86; 

Luther, Chz., 29, 1091). 

413. Quebracho, Valonea, and Sumach (Hlavati, Chz., 27, 254). 

414. Tannic Acid (Wagner, Z., 9, 331; Walkhoff, 1863, Z., 44, 459). 

415. Liquid Tannic Acid (?) (Elias, S. ind., 1895, 20). 

416. Tannate of Potassium or Ammonium (Galloway, 1863, in Woodcroft, 171). 

417. Tannic Acid with Lime (about 1836, Bley, 126; HefCter, Oe., 16, 442). 

418. Tannic Acid with Salts of Barium or Strontium (Heffter, see No. 417). 
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419. Tannic Acid with Alumina (Heffter, see No. 417). 

420. Tannic Acid with Tartaric Acid, Metaphosphoric Acid, and Hydroduosilicic 

Add (Royers, S. ind., 60, 32). 

421. Tannic Add with Glue, Starch or Albumen (Heffter, see No. 417). 

422. Pertannic Add (?) (Meritens, Z., 28, 800). 

423. Game Add (Royers, see No. 420; Kowalski, Ohz., 26. 972). 

424. Gallate of Potassium or Ammonium (Galloway, 1853, see No. 416). 

425. Acetic Acid, also with Sulphurous Add (Z., 20, 741; Stutzer and Wernekinck, 

S. ind., 51, 114). For acetates look under the list metals. 

426. Wood Vinegar (Leidenfrost, Z., 20, 746). 

427. Butyric Sulphonic Add (?) (Spreckels, Chz., 28. 1270). 

428. Fatty Adds with Sulphurous or Sulphuric Add (Spreckels, Z. ang., 1902, 891; 

Chz., 28, 1072). 

429. Stearic Add (Z., 2, 91; Wagner, Z., 9, 331). 

430. Ammonium Stearate (Besson, Chz., 27, 863). 

431. Stearic Add with Sulphites of the Alkalies or Magnesium (Stewart, Z., 57, 268). 

432. Stearic-Sulphonic Acid (Spreckels, see No. 427). 

433. Palmitic-Sulphonic Acid (Spreckels, see No. 427). 

434. Margaric Acid (Bidding, 1853, in Woodcroft, 162). 

435. Oleic Add (Bidding, see No. 434; Thfinard, Z., 8, 130). 

436. Oleic-Sulphonic Acid (Spreckels, see No. 427). 

437. Oxalic Acid (Leuchs, 1836, 111, 86; Wagner, Z., 9, 331; Eissfeldt, Z., 21, 1102). 

438. Oxalic Acid with Ammonia, Magnesium and Zinc (Besson, Bl. Ass., 18, 616). 

439. Ammonium Oxalate (Sievier, 1847, in Woodcroft, 94; Besson, J. Fabr., 43, 1). 

440. Oxalic Acid with Barium Carbonate and Permanganates (Talamo, N. Z., 29, 210). 

441. Tartaric Add (Possoz, Z., 23, 27; Stutzer and Wernekinck, S. ind., 51, 114). 

442. Ammonium Tartrate (Besson, Chz., 27, 863). 

443. Malic Add with Metallic Bases or Carbonates (Moreaux, Bl. Ass., 19, 1483). 

444. Citric Acid with Metallic Bases or Carbonates (Moreaux, Bl. Ass., 19, 1483). 

445. Citric Add, also with Polysilicates (Hlayati, Chz., 28, 1180). 

446. Salicmc Acid (Hulwa, Z., 26, 640; D. Z. 9, 7). 

447. Resin Adds (Leuchs, 1836; III, 86). 

448. Pimaric Add (Schmer, Z. B., 12, 33). 

449. Pectic Acid (Acer in Wagner's Technologie, 12th Bd., 663). 

450. Formaldehyde (Boulet, Chz., 20, 12; Friedrich, Chz., 27, 1183; Simpson, Bl. Ass., 

25, 531). 

451. Acetaldehyde (Newton, 1849, in Woodcroft, 111; Melsens, 1849, D. Z., 26, 1306; 

Boulet, Chz., 20, 12). 

452. Methylalcohol (Trovach, D. Z., 11, 1302). 

453. Alcohol (Jennings, 1825, in Woodcroft, 33; Pesier, Z., 11, 622). 

454. Alcohol with Chlorine Gas (Duncan, St. J., 22, 274). 

455. Alcohol with Acetic Add (Paulet, 1837; Z., 14, 641; 19, 376). 

456. Alcohol with Hydrochloric Add, Nitric Acid or Sulphuric Add (Ure, 1830, in 

Woodcroft, 49). 

457. Alcohol with Sulphuric Add and Gypsum (Duquesne, D„ 196, 83). 

458. Alcohol with Sulphurous Acid (StoUe, D., 114, 805). 

459. Alcohol with Alum and Lime (Derosne, 1810, Oe., 23, 948). 

460. Alcdiol with Maignesium Sulphite (Degener, Chz., 12,- 174). 

461. Rum or Gin (Stokes, in Weber, III, 236). 

462. Glycerine (Rabe, Z., 14, 124), 

463. Glucose and its Salts (?) (Bielmann, S. C., 28, 386). 

464. Sacchaxites of Lead or of the Alkaline Earths (Reece and Price, 1849, in Wood- 

croft, 106; Gwynne, Z., 3, 392; Stammer, Z., 12, 336). 

466. Magnesium Saccharate (Galloway, Z., 4, 81). 

466- Starch with Caustic Lime (Steinkamp, 1848, in Woodcroft, 102) 

467, Hydrocarbons and Petroleum (Carboneile. S. ind„ 33, 466). 

468- Kerosene With Alumina and Metallic Powder (Z., 53, 444). 

469. Kerosooie Oil CBpreckela and Kem, Z„ 63, 878). t 

470. Tar Oils (Newton, 1849, in Woodcroft,. Ill)* 
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471. Benzol or Toluol, aliso with Sulphurous Acid or Hydrosulphurous Acid (Kowalski, 

2.. 62, 909). 

472. Phenol (Fishman, Z., 21, 313; D. 2., 21, 9, 7). 

473. Phenol with Benzol or Petroleum (Kowalski, Z., 55, 396). 

474. Phenol with Chloride of Lime (Menier, BL Ass., 10, 165). 

476. Oxybenzol (Kowalski, see No. 471). 

476. Oxynaphthalin and Oxyanthracene, also with Sulphurous Acid or Hydrosulphur- 

ous Acid (Kowalski, see No. 471). 

477. Oxyanthraquinone (Kowalski, see No. 473). 

478. Fats with Sulphurous or Sulphuric Acid (Spreckels, 2. ang., 1902, 891; Chz., 

28, 1072). 

479. Tallow or Lard with Sulphurous or Sulphuric Acid (Spreckels & Kem, 2., 

55, 571; 63,878). 

480. Fatty Oils and Mineral Oils (Bouvier, 2. B., 1896, 386). 

481. Fatty Oils with Sulphurous or Sulphuric Acid (Spreckels, 2. ang., 1902, 891). 

482. 'Fatty Oils with Soda (Brooman, 1857, in Woodcroft, 232). 

483. Wax and Neutral Fat (Leuchs, HI. 86). 

484. Spermaceti and Spermaceti Oil (Piddiii, 1853, in Woodcroft, 162). 

485. Stearine and Palmatine (Carlee, D. 2., 33, 738). 

486. Fish Oil with Sulphurous or Sulphuric Add (Spreckels, Z., 55, 571; 2. ang., 1902, 

891). 

487. Linseed Oil with Sulphuric Acid (Spreckels and Kem, 2., 53, 878). 

488. Castor Oil with Sulphuric Add (Spreckels. 2., 56, 571). 

489. Soap (Basset, 2., 7, 381). 

490. Ammonia Soaps (Brooman, 2., 8, 449; Besson, J. Fahr., 43, 1). 


491. Turpentine (Newton, 1849, in Woodcroft, 111; Carlee, B. 2., 33. 738). 

492. Turpentine and Sulphuric Add (Spreckels and Kem, 2., 63, 878 ; 56, 671). 

493. Tar with Sulphurous or Sulphuric Acid (Spreckels, 2. ang., 1902, 891). 

494. Tar Oil (Piddlng, 1853, in Woodcroft. 162). 

495. Tar Oil also with Alumina and Metallic Powders (2., 53. 444). 

496. Tar Oils with Sulphurous or Sulphuric Acid (Spreckels, 2. ang., 1902, 891). 

497. Resin (Pidding, 1853, in Woodcroft, 162). 

498. Resin and Sulphuric Acid (Spreckels and Kem, 2., 53, 878). 

499. Pitch (Pidding, 1853, see No. 497). 

500. Creosote (Newton, 1849, in Woodcroft, 111). 

501. Shellac (Greiger, S. ind., 64, 23). 

502. Carbon Bisulphide (Ckiandi, S. ind., 25, 268). 

503. Mustard Oil (Leuchs, 1836, III, 86; Newton, 1842, in Woodcroft, HI-). 

504. Radish Oil (Newton, 1842, see No. 503). 

605. Sulphur-containing Ethereal Oils (Spreckels, Chz., 29, 1307). 

506. Ethereal Oils with Sulphurous or Sulphuric Acid (Spreckeis, 2. ang., 1902, 891; 
Chz., 28, 1072). 

607. Animal Oil (Pidding, 1863, in Woodcroft, 162). 

508. Eucalyptol (Fry, Amer. Patent, No. 472,989). 

609. Eucalyptus Oil and Sulphuric Acid (Spreck^, 2., 55, 671). 

610. Indigo White (Bielmann, S. C., 28, 386). 

511. Milk (about 600, in Persia, Gesch., 102; Batley, 1810, Gesch., 369; Hermstadt, 

1811). 

512. Casein (Krhger, 2., 9, 221). 

513. Albumen (about 700, in Egypt, Gesch., 135 and 209; Wilcox, Bl. Ass., 9, 912). 
614. Calcium Albuminate (Karl, 2., 18, 317). 

515. Calcium Albuminate with Iron Vitriol (Karl, see No. 514). 

516. Blood (about 1700, Gesch., 824). 

617. Hay or grass (Hlavati, Chz., 27, 254). 

618. Bark of Trees, as Elm Bark (Stokes, in Weber, III, 236). 

519. Cork (Wagner, 2., 43, 630). 

520. Plane Shavings (Leuchs, 1836; TIT, 86). 

521. Wood Dust (Wiechmann, 1885; .D. 2., 28. 1544). 
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522. Sawdust (Hills, 1853, in Woodcroft, 163; Casamajor, 34, 1269). 

523. Wood Meal from Mechanical Pulp Process (Soxhlet, Z., 43, 972). 

524. Wood Wool (Excelsior) (Muller and Schubert, Z., 44, 233). 

525. Wood Pulp or Paper Pulp (Spreckels, Chz., 28, 1270). 

526. Linen or Cotton Fabrics and Threads (Ost. Z., 58, 556). 

527. Bran (Tyre, Z.. 50, 476). 

528. Dead Yeast (Clowes, Z., 54, 1286). 

529. Yeast with Hydrochloric Add (ESront, Z., 58, 326). 

530. Peat with Calcium Sulphite (Nowak, Z., 53, 988). 

531. Peat-Coal or Lignite (Maumend, Z., 4, 452). 

532. Calcium Humate (Schmidt and Degener, D. Z., 20, 209). 

533. Brown Coal (Bottcher, 1836, Gesch., 377). 

534. Brown Coal Coke (Knauer, Z., 11, 350). 

535. Wood Charcoal (Lowitz, 1793, Gesch., 368). 

536. Charcoal Dust (Remmers, Z., 35, 369). 

537. Coal-Dust, also with Alumina (Pajot de Charmes, 1821, Gesch., 369). 

538. Lamp-Black (Martlneau, 1815, in Woodcroft, 21). 

639. Sugar Charcoal (Sievier, 1847, in Woodcroft, 94). 

540. Plant-Blood Charcoal (Degener, Z., 46, 492). 

541. Bituminous Coal (Martineau, 1815, in Woodcroft, 21; Payen, 1830, Z., 49, 594). 

542. Carbon-Alumina (?) (Kachmarkiewicz, C. Z., 1906, 229). 

543. Alumina Impregnated with Carbonized Blood (Olschewsky, Z., 32, 525). 

544. Carbonized Eieselguhr (Infusorial Earth) (Heddle, Z., 37, 478). 

545. Kieselguhr Impregnated with Carbonized Fatty Residues (about 1900, in 

America). 

548. Bone Black (Figuier and Magnes, Gesch., 368). 

547. Bone Black with Hydrogen Peroxide (Mastbaum, Z., 37, 704). 

548. Bone Black Saturated with Carbonic Acid or Sulphurous Acid (Lach., Z., 46, 

497). 

549. Bone Meal (Hills. 1853, in Woodcroft, 163). 

550. Osteine (Brunon and Roth4; Z., 54, 848). 

551. Ferrocyanide Residues (So-called Coal-settlings) (Cavaillon, 1817, in Woodcroft, 

25; Gawalowski, Oe., 18, 718). 

552. Powder-Settlings of Stearin Factories (Lach and Benies, S. ind., 1895, 20). 

553. Graphite with Bone Black and Zinc Bloom (Macherski and Koperski, Z., 57, 

1121 ). 

554. Graphite with Sand and Zinc Powder (Macherski and Koperski, Z., 57, 1044). 

555. Anthracite (Hlavati, Z., 56, 300). 

556. Coal-Tar with Lime (Lemaire, S. ind., 9, 66). 

557. Carbonized Scums (Karlik, Oe., 32, 256). 

558. Grav^ (Bergmann, 1840, Z., 29, 1184; Meyer, 1879, Z., 30, 1149). 

559. Bauxite (BUayati, Z., 56, 300). 

560. Calcined Phosphate-Slag (Lachaux, S. ind., 50, 677). 

561. Cement (Harm, D. Z., 25, 1946). 

562. Brick-Dust with Lime (Breyer, S. ind., 65, 655). 

563. Pumice Stone (Saunders, 1835, in Woodcroft, 56). 

564. Talc or Meerschaum (Hlavati Chz., 28, 1180). 

565. Mica (Hlavati, Chz., 28, 1180). 

566. Natural Zeolite (Riedel, S. ind., 70, 230). 

567. Permutite= Artificial Zeolite (Riedel, see No. 566), 

568. S<fil from the Beet Storehouse (Kohlrausch, Z., 28, 215). 
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569. Hydrogen (Kugler, Chz., 32; R., 454). 

570. Ozone (Scholimeyer, Chz., 24, 825). 

571. Chlorine, Bromine, Iodine, Fluorine (Spillem-Spitzer, Z., 53, 244).- 

572. Sulphurous Acid (Lallement, S. ind., 53, 301). 
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573. Sulphurous Add or Sulphites with Lead, Zinc, Aluminum, Iron, or Tin (Baudiy 

and Charitonenko, Z., 50, 625). 

574. Hydrosulphurous Add (Ranson, Oe., 26, 737). 

575. Coal (Despeissis, Battut, Z., 46, 624). 

576. Wood Charcoal (Hlavati, Z., 53, 258). 

577. Alkaline Earths <Gin and Leluez, Z., 53, 627). 

578. Caldum Carbonate (Schwerin, D. Z., 29, 451). 

579. Barium Salts (Bonillaut, S. ind., 50, 189). 

580. Barium Aluminate (Rembert, Bl. Ass., 20, 966). 

581. Magnesium (Urbain, Bl. Ass., 16, 719). 

582. Magnalium (Murphy, J. Fabr., 44, 18). 

583. Magnesium Hydroxide (Schwerin, Chz., 28, 626). 

584. Magnesium Carbonate (Schwerin, D. Z., 29, 451). 

585. Zinc (SchoUmeyer, Z., 46, 624). 

586. Zinc Alloy with Calcium or Antimony (Hlavati, Z., 53, 258). 

587. Basic Zinc Salts (Wohl and Kollrepp, D. Z., 27, 1280). 

588. Cadmium (Urbain, Bl. Ass., 16, 719). 

589. Lead (Javaux, GaJlois, Dupont, Z., 46, 626). 

590. Lead-Antimony Alloy also with Manganese Sulphate (Piettre and Nodon, D. Z., 

27, 1211). 

591. Lead Oxides (Z., 46, 626). 

502. Lead Peroxide (Piettre and Nodon, BL Ass., 19, 1351). 

593. Lead Saccharate (Wohl and Kollrepp, D. Z., 27, 1280). 

594. Basic Lead Salts (Wohl and Kollrepp, see No. 593). 

595. Aluminum (Z., 46, 626). 

596. Aluminum-Magnesium (Browne, Z. ang., 1908, 174). 

597. Aluminum Manganate with Zinc Hydroxide or Iron Hydroxide (Delavierre, 

Z., 53, 1106). 

598. Alumina (Z., 46, 626). 

599. Iron (Jennings, 1846, Clement, 1848, in Woodcroft, 89 and 103; Maigrot, Z., 46, 

625). 

600. Iron Bisulphide (Aschermann, Chz., 26, 683). 

601. Manganese-Silicon Alloy (Hlavati, Z., 53, 258). 

602. Manganese Dioxide (Hlavati, Z., 53, 626). 

603. Hydrated Manganese Peroxide (Piettre and Nodon, BL Ass., 19, 1351). 

604. Manganates of the Alkalies and Alkaline Earths (LavoUay and Bourgoin, D. Z., 

25, 330). 

605. Chromium Peroxide (Piettre and Nodon, see No. 603). 

606 Nickel (Horsin-DOon, Oe., 28, 162). 

607. Nick^ with Sulphurous Acid or Sulphites (Baudry and Charitonenko, Z., 50, 

625). 

608. Copper (Gorz, Z., 46, 624). 

609. Iron (Horsin-DOon, Bl. Ass., 16, 729). 

610. Antimony (Piettre and Nodon, D. Z., 27, 1211). 

611. Antimony Peroxide (Piettre and Nodon, BL Ass., 19, 1351). 

612. Mercury (Polaczek, Bl. Ass., 16, 720; Gurwitsch, Z., 54, 1030). 

613. Mercury Amalgams (Polaczek, see No. 612). 

614. Mercury Peroxide (Piettre and Nodon, BL Ass., 19, 1351). 

615. Easily-Fluid Mercury Alloys (Palma, BL Ass., 17, 274). 

616. Silver (Horsin D6on, Oe., 28, 162), 

617. Silver with Sulphurous Acid or Sulphites (Baudry and Charitonenko, Z., 50, 625). 

618. Platinum (Collette, Z., 46, 623; Thomas and Howe, S. ind., 66, 624). 

619. Platinum Antimony Alloy, also with Manganese Sulphate (Piettre and Nodon, 

D. Z., 27, 1211). 

620. Platinized Copper (Charitonenko, S. ind., 53, 272^. 

621. Sebonaft Solid Mineral Oil*’ (Nowakowski, C. Z., 17, 277). 

622. Straw-Meal (Lenze, D. Z., 33, 937). 
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Abbkeviations of Refebences 


Abbreviations 

Bartz 

B 

Bl. 

Blancliette Zoega 

Bley 

BL Ass. 

Chz. 

C. r. 

C. Z. 

D. 

D. Z. 

Gesch. 

J. fabr. 

Ling-Roth 
Leucbs 
MaumenS 
N. Z. 

Oe. 

Prager Marktb. 

S. C. 

S. ind. 

St. J. 

"Weber 

Woodcroft 

Z. 

Z. ang. 

Z. B. 

Zerban 


Reference 

Claassen-Bartz’s “Zuckerfabrikation’' (Leipzig, 1905). 

Berichte der deutschen chemiscbeni Gesellschaft (R = Referate). 
Bulletin de la Soci6t6 chimique. 

“Manuel dufabricant et du raffineur de sucre” (Paris, 1833). 
Bley’s “ Zuckerbereitung aus Runkelriiben ” (Halle, 1836). 
Bulletin de I’association des chimistes. 

Chemiker-Zeitung (R = Repertorium). 

Comptes rendus. 

Centralblatt fiir die Zuckerindustrie. 

Dingler’s polytechnisches Journal. 

Die Deutsche Zuckerindustrie. 

Lippman’s “Geschichte des Zuckers” (Leipzig, 1890). 

Journal des fabricants de sucre. 

Ling-Roth’s “Guide to the Literature of Sugar” (London, 1890). 
Leuchs “10,000 Erfindungen und Ansichten” (Niimberg, 1871). 
MaumenS’s “Traits de la fabrication du sucre” (Paris, 1878). 
Neue Zeitschrift fiir Riibensuckerindustrie. 
Oesterreichisch-Ungarische Zeitschrift fiir Zuckerindustrie. 

Prager M arktbericht. 

The Sugar Cane. 

La sucrerie indigene et coloniale. 

Stammer’s “ Jahresbericht der Zuckerfabrikation.” 

Weber’s “Zeitblatt fiir Gewerbetreibende.” 

Woodcroft’s “Abridgments of Specifications relating to Sugar” 
(London, 1871). 

Zeitschrift des Vereins der Deutschen Zuckerindustrie. 

Zeitschrift fiir angewandte Chemie. 

Zeitschrift fiir Zuckerindustrie in Bbhmen. 

Zerban’s “Louisiana Bulletin No. 103” (Baton Rouge, 1908). 
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A 

Abb6 refractometer, 255 
Abnormal constituents of cane, 193 
Absolute juice, 355 
Acetic add in sugar analys'is, 227 
Add, normal solution, 411 
thin juice process, HarlofT, 62 
Acidity of juice, 317 
of molasses, 329 , 

Adds and alkalies, specific gravities, 434 
inverting power, 192 
occurring in cane products, 195 
Adsorption by boneblack, 171 
of water, by filter paper, 212, 332 
Adsorptive index (color), 294 
Affination, 151 

Alcohol process of clarification, 69 
Alcoholic fermentation, 406 
Alcohols in cane products, 195 
Alkalies, normal solution, 411 
and adds, specific gravity, 434 
Alpha-naphthol test for sugar, 351 
substitutes, 352 
Alumina cream, 410 
Alundum crudbles for glucose, 242 
Ammonia for preserving samples, 297, 303 
Ammoniacal gases, 79 
Animal charcoal {see Boneblack) 
Anthocyanin, 12 
Antiseptics, use at mills, 405 
Areas of drcles, table, 423 
of geometrical figures, table, 421 
Asbestos for color determinations, 285 
Ash adsorption, 172 
composition in juice, 14 
Ash determination, 269 
carbonated, 270 
choice of method, 269 
electrometric, 270 
in juice, 317 
in molasses, 329 
in sugars, 335 
normal, 270 

Ash ratio, definition, 359 
calculations, based on, 387 
Ash relationship, sulphated and normal, 269 
Asparagine, 227 
Aspartic acid, 227 


I Atomic weights, table, 418 
Available sugar, 359 
basis for cane purchase, 388 
tables, 487 

Winter-Carp formula, 360 
Averaging, 296 
Azolitmin, 408 

B 

Bach's sulphitation process, 58 
Bacterial yeast and mould contazmnation, 
141 

Bag filters, 155 
Bagasse, analysis, 341 
as fuel, 35 

compared to coal and oil, 40 
average percent moisture, 36 
choppers, 342 
definition, 356 

disintegrator, Warmoth, 341 
fiber determination, 348 
filters, 69 
fuel value, 38 
furnaces, 36 
heat units, 39, 119 
moisture determination, 342 
Spencer oven, 343 
other uses than fuel, 34 
paper manufacture, 34 
celotex, 34 

preparatipn of samples, 341 
samplingl 297 
sucrose determination, 345 
table for, 525 
Bags, sugar, 134 

Balance, for wdght per gallon molasses, 324 
Bates, for sugar, 219 
Balances, 219 
Balling {see Brix) 

Barium oxide, solubility in sugar, 436 
Barrd sirup, 180 
Bates polariscope tube, 209 
sugar balance, 219 
Baum6 degrees, 253 
hydrometer, 254 
tables, C, 461 
20® C, 469 

Baus standards for boneblack tests, 186 
Beer’s law, 294 
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Black paste, analysis of, 184 
Boiler capacity, 35 
feed water, 3.50 
sugar in, 850 

Boiling-house efficiency, 362 
Boiling point of sugar solutions, 433 
effect of Briz, 102 
depth, 102 
^cosity, 102 

Boiling sugar to grain, factory, 87 
refinery, 175 

Bone-black (see also Char), 162 
action of, 171 
alteration by use, 170 
analysis, 184 

preparation of sample, 184 
ash adsorption, 172 
colloid adsorption, 174 
c(dor adsorption, 171 
compared to carbon, 175 
composition, 170 
decolorising power, 187 
grist test, 187 

invert sugar adsorption, 174 
nitrogen in, 170 
“over-burning,” 174, 187 
paste, 184 
pH, 173 
ratio, 163 
renewal, 169 
use in analyns, 228 
weight per cubic foot, 187 
Boilers, steam, 35 
Books and records, 377 
Briz, 253 

by double dilution, 327 
determination in juice, 312 
molasses and massecuites, 321 
Dupont scale, 253 
hydrometer, 255 
tables. 171^® C, 451 
temperature corrections, 458 
tables. 20° C, 459 
temperature corrections, 469 
T^vien scale, 253 
Buffer action, 275 

of refinery products, 161 
standard solutions, 276 
Burned cane, 10 
By-products of milling, 33 

C 

Cacihasa (ace Filter Press Cake) 
Caking of sugar, 134 
Calandiia, evaporator, 78 
vacuum pan, 87 
Calcium, in limestone, 398 
char, 184 
suliffdde in char, 185 


Caldum ozide in milk of lime, table, 435 
in lime, determination, 397 
Calibrating fiasks, 217 
Spencer device, 217 
Calumet Sampler, 298 
Candy tests, 189 
Cane, analysis, direct, 307 
indirect, 808 
ash content, 13 
burned, 10 
colloidal water, 808 
coloring matter, 12 
composition, 10 
crusher, double, 21 
Fulton, 20 
Krajewski, 20 

deterioration after cutting, 9 
determination of fiber, 309 
disintegrator, 307 
distribution of sucrose, 12 
estimation of weight, 365 
harvesting, 9 
knives, revolving, 18 
mode of growth, 8 
new, ammonia in juice, 80 
planting, 8 
purchase of, 15 
on analysis, 388 
sampling, 296 
seedlings, 7 
shredder, Morgan, 20 
Maxwell, 20 
National, 19 
Searby, 19 

structure, influence on milling, 29 
Stubb's classification, 7 
sucrose, 307 
indirect estimation, 307 
sugars in, 12 

during ripening, 13 
transporting, 10 
trash, 30 

unloading devices, 16 
varieties, 7 
wax, 11 
weights, 365 
indirect estimation, 365 
Caramel, 196 

Carbohydrates, physical and chemical prop- 
erties, table, 527 

Carbon, in bone-black, determination, 172 
comparison with bone-black, 175 
in oonjimotion with bone-black, 176 
in refining, 175 

in white sugar manufacture, 63 
Carbonated adi, method, 270 
errors in, 269 
Carbonation processes, 59 
double, 61 
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Carbonation processes, single, 60 
De Haan’s, 61 
tanks, 65 

Carbonic acid in Hmestone, 394 
production for carbonation, 66 
Carriers, bagasse, 25 
Ewart, 26 
Meinecke, 26 
cane. 17, 25 

Cattle food (molascuit), analysis, 353 
Cdlulan, 194 

Celotez, manufacture from bagasse, 34 
Centrifugal, 132 
discharger, 133 
capacity, 132 
laboratory, 372 
self-discharging, 132 
separators, 69 

Chapman’s circulating pipes, 79 
Char, capacity, 163 
decarbonizer, Weinrich, 169 
driers, 168 
filter cycles, 163 
filters, 163 
filtration, 162, 166 
covering, 164 
filling, 164 
washing, 167 
wet filling, 165 
kilns, 168 
revivification, 167 
tests for efficiency of, 186 
temperatures, 173 
Chemical control of refinery, 181 
Chemical control of sugar-house work, 363 
methods in sugar analysis, 237 
Chemist's duties, 363 
Chitine. 194 

Chloroform for preserving samples, 297, 303 
Chlorophyll, 12 

Cirdes, circumferences and areas, tables, 423 
Circulating water, 357 
Clarification (see also Defecation), 30 
addition of lime, 43 
colloid removal, 44, 49 
effect on character of sugar, 43 
excess lime, 47, 50 
index of substances, 535 
in open tanks, 50 
nature of precipitate, 48 
object of, 43 
phosphate content, 48 
PsOs as aid, 49 
pH control, 46 
processes, Deming’s, 52 
Dorr's, 53 
Gilchrist's, 56 
Home's, 57 
Petree's, 56 


Clarification, regulating quantity of lime, 45 
super-heat, 44, 48 
temperatures, 48 
Clarified juice, analysis, 319 
definition, 357 
screening, 67.‘ 

Classification of micro-organisms, 403 
raw sugars, 136 
white sugars, 136 
Cleaning evaporator tubes, 83 
heating surfaces, 53 
Cleanliness of raw sugar, 137 
Clerget divisors, Jackson-Gillis table, 524 
in sugars, 333 

relation to polarization, 333 
in molasses, 327 
sucrose, 231 

Herzfeld's modification, 231 
Jackson-Gillis IV, 234, 315 
using invertase, 234 
sucrose in juice, 315 
COs devices, automatic, 402 
and excess air, 401 
for carbonation, 66 
in limestone, 394 

Cobenze's diagram of mixtures, 386 
Coefficient of heat transfer, 104 
of purity (see Purity) 

Colloid adsorption, 174 
Colloidal water in cane, 308 
Colloids and filtrability, 143 
removal in clarification, 44, 49 
Color, adsorption, 171 
ratio (Q), 294 

adsorptive index ( —log t), 294 
determination, 284 

dilution of solution, 285 
efieot of pH, 286 
raw sugars, 337 
refined sugar, 189 
nomenclature, 293 
of raw sugars, 148 
standards, Dutch, 337 
units, Meade-Harris, 292 
Peters-Phelps, 295 
Colorimeters, 288 
Duboseq, Elett-Kober, 288 
Ives (Hess-Ives), 290 
KeufieL and Esser, 293 
Lovibond, 290 
photo-dlectric, 289 
Stammer, 289 

Commercial sugar formulas, 381 
Comparator for pH, Helige, 281 
Meade-Baus, 278 
Concentration formulas, 880 
Condenser, 87, 124 
water, definition, 357 
Norris table, 442 
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Conductivity, water, 273 
Consumption of sugar per capita, 6 
Contamination, baterial, 141 
Containers, sampling, care of, 301 
Control laboratories, 137 
Control of clarification, pH, 45 
refinery, 181 
chemical, 183 
defecation, 161 
technical, 181 
sugar boiling, 371 
sugar factory, 363 
outline, 364 
Conveyors, sugar, 134 
Coral sand, composition, 75 
lime, 75 

CoraJlin, solution, 409 
Copper, glucose determination, 240 
as cuprous oxide, 245, 246 
^ectrolsrtic, 244 
filtration, 242 
Low's thiosulphate, 246 
reagent for glucose, 240 
reduction, 240 
Wedderbum method, 243 
Com sugar. 192 
Cross oxalic acid method, 315 
Crusher (.see Cane Crusher) 

Crystallisation in motion, 97 
laboratory control, 98 
Crystallizer, capacity, calculation, 384 
wantage table, 425 
Crystallizers, 98 
cooling coils, 99 
frothing in, 101 
“La FeuiUe,'* 99 
control, 371 

Crystals,' examination by projection, 138 
hardness of, 139 

Cubic centimeters, Mohr’s and true, 203, 
215 

Curing sugar, 132 
Cylinder, volume and area, 422 

D 

Dawson water, 281 
Decarbonizer, W^nrich, 169 
Decolorizing i>ower, bone^^lack, 187 
Deerr's “s. j. m.*’jformula, 384 
Defecated juice (see Clarified Juice) 
Defecation (see also Clarification): 
refinery, 152 
Meselgnhr, 154 
pap^ pulp, 155 
phosphoric acid, lime, 153 
in white sugar processes, 57 
Defeeators, juice, 50 
cleaning, 53 

Ipe Haan'a single oarbonation, 61 


De-leading solutions for glucose, 238 
Deming’s process of clarification, 52 
Density determinations, 253 
by hydrometer, 254 
pyknometer, 257 
Westphal balance, 256 
juice, 312 

Design of factory, 42 
Dextran, 194 
Dextrose, 192 

influence of lead on rotation, 226 
Diagram of mixtures, Cobenze’s, 386 
Dilution, 371 
definition, 356 
formula, 380 
Dorr clarifier, 53 
Dry milling, calculations, 369 
extractions, 370 
factor, 297 
formula, 380 

Dry substance by refractometer, table, 478 
Duboscq colorimeter, 288 
Dupont paper, 409 

Dupont’s method, crystallized sugar, 331 
Dutch color standards, 387 
Duty on raw sugar, 4 
English, 5 

Duties of the chemist, 363 
Dye number, 145 
test, 144 

E 

Efficiency number, 362 
Electrolytic method for copper, 244 
Electrometric ash, 270 

acid conductivity method, 272 
cdl constant, 271 
pH, 282 

Elliot filtration apparatus, 143 
English raw sugar duty, 5 
Entrainment, definition, 357 
evaporator, 79 
Esters, 195 

Evaporation by volume, table, 441 
by weight, tables, 439 
formulas, 380 
high temperature, 82 
of juice, 105, 121 

Evaporator, multiple effects, 78, 106 
calandria, 78 

disposal of condensate, 107 
gases, 108 
entrainment, 79 
increasing efficiency, 114 
juice height, 108 
scale analyris, 83, 114 
steam economies, 80 
temperatures, 109 
tests, Herr, 128 
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Jvaporator, tubes, cleaning, 83 
types, 108 
vapor G^, 80 
jxcelsior fULters, 68 
jzoess air, various fuds, 401 
jxtraction (see Sucrose Extraction) 
by nulls, calculations, 369 
definition, 356 

Synon-Lane, method for glucose, 250 
P 

•'actory, design and construction, 42 
•'eed water (see Boiler Peed Water) 
^ehling's (Soxhlet’s) solutions, 240, 411 
i'ermentation, in sugar manufacture, 403 
temperature influence, 405 
types in cane products, 406 
riber, definitions, 356 
determination, bagasse, 348 
in cattle food, 354 
in cane, 309 
filters, 69 

ratio to sucrose, definition, 357 
?^lter, bag, 68, 155 
bagasse, 68 
KeUy, 156 
press, 68, 159 
sand, 68 
Sweetland, 157 
cantilever, 158 
VaUez, 159 
Filter-press, 70 
cake, analysis, 339 
disposal, 72 
moisture, 339 
quantity, 71 
sampling, 303 
sucrose, 339 
washing, 70 
juice, disposal, 72 
liming, 73 

Filter-pressing, double, 71 
calculation of added water, 386 
in carbonation process, 61 
Piltering devices, 214 
Piltrability, raw sugar, 142 
colloids, 143 

Piltration, apparatus, Elliot, 143 
doth, 155 
mud, 69 
of juice, 67 

First expressed juice, 355 
Plasks (see also Sugar Flasks), 215 
calibration, tables for, 431 
Kohlrausch, 339 
milliliters, 431 
Mohris CO, 433 
table of capacities, 432 


Flue gas, analysis, 399 
interpretation, 402 
sampling, 400 
Foam, analysis of, 350 
Food value of sugar, 5 
Formaldehyde, 84 
for preserving samples, 301 
use at mills, 405 

Formulas, commercial sugar, 381 
concentration, 381 
dilution, 380 
dry milling, 380 
evaporation, 380 
“s. j. m.,’* 384 

Froth, “fermentation," crystallizers, 101 
Fructose (see Levulose) 

Fuel, bagasse as, 35 
molasses as, 40 
Furnaces, bagasse, 36 
flat grate, 35 
step grate, 37 


G 

Gallon, weight of molasses, 324 
Gas, apparatus, Orsat’s, 399 
Geerlig’s table for refractometer, 478 
Gilchrist process, 56 
Glucose (see also Invert Sugar): 
coefidcient, 858 
determination, 237 
in juice, 316 
in massecuite, 328 
in molasses, 328 
in sugars, 334 

preparation of solution, 238 
removal of lead, 238 
removal of lime salts, 239 
gravimetric methods, 240 
for high purities, 249 
Hersfeld’s method, 240 
Mdssl-Hiller factors, 247 
Munson and Walker, 249 
pipette, Spencer, 316 
precipitation by lead subacetate, 227 
ratio definition, 358 
volumetric methods, 249 
Eynon-Lane, 250 
Soxhletis, 249 
Glutose, 194 
Grain, hardness, 139 
size and character, 138 
Granulated sugar, 179 
Granulator, 178 
Grist test, refined sugar, 188 
Grooves, mill, 22 

Gums, determination, in sugars, 335 
precipitation by preheating juice, 44 
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H 

Hardening of sugars, 134 
Hardness of grain, 139 
Hardness test, bone-black, 187 
Harloff*8 acid thin-juice process, 62 
Harvesting cane, 9 
Heat, balance, evaporator, 112 
sugar factory, 123 
losses, radiation, 12Q 
transfer, 111 
units in bagasse, 59, 119 
Heaters, juice, 50 
(leaning, 53 

Heating surfaces, calculation, 117 
Hdige comparator for pH, 281 
Herzf^d's, Clerget method, 231 
method for glucose, 240 
high purity materials, 249 
table for glucose, 519 
Hess-Ives (Ives) tint-photometer, 291 
Hind-Renton juice grooves, 24 
History of sugar, 1 
Home, dry lead method, 225 
for preserving samples, 301 
process of clarification, 57 
table of pTuities, 493 
Hydraulic, mill, 21, 24 
Hydrogen-ion, concentration (see pH) 
control, 274 
theory, 274 

Hydrolytic adsorption, 174, 176 
Hydrometer, Baum4, 254 
Briac, 255 
use of, 255 

I 

Imbibition (see Maceration) 
Incondensable gases, 79, 108 
Inverdon, 193 

contraction of sugar solutions on, 438 
losses, 376 
prevention, 376 
refractometer, 266 
tube, Landolt*s, 211 
Invert sugar (see ofse Glucose), 193 
adsorption, 174 
contraction of solution, 438 
Hynon-Lane tables, 521 
in juice, table, 517 
in raw sugar, table, 519 
in sirup, table, 518 
influence of lead on rotation, 227 
Munson and Walker tables, 520 
XTOIfflrarion of, 411 
reciprocals of numbers, 523 
Bice’s table, 512 
SQlulioii, preparation, 411 
l^sertase, 192, 231 
CSeiEiget method udng, 235 
prqparatioB, 234 


Inverting power, 192 
lodate paper, 410 

Iron and al\imina determination, 392 
Iron in sugar, 336 

Ives (Hess-Ives) tint-photometer, 290 
J 

Jackson-Gillis Clerget method, 234 
divisors, 524 

Java ratio, definition, 356 

in estimating cane weights, 365 
Juice, acidity, 317 
analysis, 312 
ash determination, 317 
ash in, composition, 14 
Briz determination, 312 
calculation of the weight, 386 
clarified, analysis, 319 
density, 312 

determination of glucose, 316 
pH, 318 
phosphates, 318 
dye test, 147 
filtration, 67 

in white sugar manufacture, 68 
first expressed, 355 
glucose, table for, 517 
heaters, 50 
measuring tanks, 367 
mixed or dilute, 355 
nitrogenous substances, 10 
normal, definition, 355 
pH of raw, 14 
phosphate, value of, 48 
P2O5 in, 48 
polarisatidn, 313 
preheating in clarification, 44 
preservation, during shut-downs, 84 
preserving samples, 301 
with dry lead, 301 
pumps, strainerless, 32 
purification, 43 
residual, 349 
sampling, 297, 300 
scales, 366 
settling tanks, 50 
solids by drying, 313 
strainers, 30 
fermentation at, 31 
grasshopper, 31 
hummer, 32 
Mitohri, 32 
Peck, 31 
Tuinucti, 31 

sucrose (polarisation) 313 
true sucrose (Clerget), 315 
Tindiluted, 355 
weight, 366 

calculation of, 366 
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K 

Kaxcz's method, crystallized sugar, 320 
Kerr, evaporator tests, 128 
Kieselguhr CfilterKsel), 77, 155 
for color determination, 287 
Klett-Kober (Duboscq) coloximet^, 288 
Knives, revolving, 18 
Knorr^s CO 2 train, 394 
Kohlratisch flask, 339 
Kottman's purity table, 491 

L 

La Feuille rotary crystallizer, 99 
Laboratory records, 377 
Lambert’s law, 294 
Lamps for polariscope, 206 
Landolt's inversion tube, 211 
Lead acetate solution, 410 
percentage table, 436 
subacetate solution, 410 
excess in polarization, 212 
influence on rotation, 225 
Home’s dry, 225 
for preser-Ndng samples, 302 
precipitate, volume error, 222 

Horne’s method of correction, 225 
Levan, 194 
Levulose, 193 
in juice, 193 

influence of lead on rotation, 227 
Lime, addition in clariflcation, 43 
after heating, 44 
automatic, 47 
analysis, 397 

excess in clarification, 47, 50 
from coral sand, 75 
kilns, 65 

milk of, CaO in, 435 
liters per kilo of CaO, 435 
quality, 74 

regulation in clariflcation, 45 
salts, effect on pan-boiling, 76 
slaking, 74 

solubility in sugar solutions, 438 
unburned and slaked, determination, 397 
Limestone analysis, 391 
Liming system, Fleener continuous, 44 
mud waters, 73 
tanks, 44 

Litmus paper, solutions, 408 
Loaf sugar, ISO 

Losses of sugar in manufacture, 375 
determined, 375 
inversion, 376 
prevention, 376 
mechanical, 375 
undetermined, 375 
Lovibond tintometer, 290 
Low’s method for copper, 246 


M 

Maceration (see aUo Saturation), 26 
calculations, 370 
compound, 27 
double, 27 
effectiveness, 28 
percentage used, 27 
single, 27 
true, 28 
Magma, 150 

Magnesium in limestone, 393 
Malic acid, 227 
Mannan, 194 
Mannite, 194 
Mannose, 194 

Manufacturing process (outline), 41 
season, 14 
Marc (see Fiber) 

Massecuite, analysis, 320 
boiled with seed, 92 
Brix, 321 

crystallized sugar, 329 
definition, 357 
designation, 91 

funnel for separating molasses, 372 
measurement and w^dght, 385 
proportion of molasses, calculation, 385 
sampling, 304 

soda ash to promote boiling, 76 
solids by drying, 321 
by refractometer, 321 
weight per unit volume, 325 
Meade-Harris color units, 292 
Mechanical filters, 68 
Megasse (see Bagasse) 

Mensuration, 421 
Mercedita juice sampler, 209 
Mercuric chloride for preserving samples, 
301 

Messchaert’s juice grooves, 23 
Methyl orange, 410 

Metric and customary weights, equivalents, 
418 

Micro-organisms, rna, 404 

number in cane 

in stages of s facture, 406 

Mill extraction, 3< 
grooves, 22 

Hind-Renton, 24 
Messchaert’s, 23 
housings, 14 
hydraulics, 21, 24 
juices, comparison of, 29 
rolls, 21 

sanitation, 31, 33, 404 
MiUiliter, 203, 215 
Milling, dry factor, 297 
efiflciency of, 30 
machinery, 17 
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Milling, preparing cane for, 17 
Mills, electrification of, 17 
Fulton, 22 
Mirrlees- Watson, 23 
pressures in, 24 
settings, 25 
speed, 25 

Mixed massecuites, calculation, 385 
Moisture (see also Total Solids) : 
determination by dryingi 260 
by Spencer oven, 261 
in bagasse, 342 
in limestone, 391 
in press cake, 339 
in sugars, 335 

effect on storage quality, 139 
Molasouite (see Cattle Food) : 

Molasses, acidity, 329 
analysis, 320 
as fuel, 40 

ash determination, 329 
Brix, 321 
composition, 195 
definition, 855 
factor, definition, 359 
glucose, determination, 328 
in stock in process, factory, 374 
refinery, 181 
measurement, 368 

pneumeroator for, 368 
pH, 329 

purity determination, 326 
sampling, 304 
solidified, 100 
solids, by drying, 321 
by refractometer, 321 
specific gravity, 322 
Newkirk, 323 
Sidersky, 322 
sucrose (Clerget), 327 
sucrose (polarization), 327 
wright per gallon, 324, 368 
Molybdate test for sugar, 322 
Mud, disposal in refining, 161 
filtration, 69 
liming, 73 

Multer sugar dissolver, 213 
Multiple effect evaporator (see Evaporator) 
Munson and Walker's method for glucose, 
239 

tables, 520 

N 

Nessler's solution, 410 

Newkirk's method, ep* gr- of molasses, 323 

Nieol prism, 197 

Niti^ogeas inf bone-black, 170 

J^Stegenous substances in juice, 10 

ySfetiM acids and alkalies, 411 


Normal extraction, 369 
Normal juice, definition, 355 
factor for reduction to, 297 
Normal weight for polariscope, 203 
Norris bagasse digester, 348 

O . 

Optical methods in analysis, 197 
Orsat gas apparatus, 399 
Outline, of factory control, 364 
of sugar manufacture, 41 
Oven, bagasse, 343 
Spencer, electric, 261 
vacuum, 261 

Oxalic acid, in glucose tests, 316 
in sucrose tests, 315 
standard solution, 412 

P 

Packing, raw sugars, 134 
refined sugars, 179 
Pan boiling (see Sugar Boiling) 

Paper from bagasse, 34 
pulp defecation, 155 
Parapectine, 227 

Pauly-Greiner pre-evaporator, 80, 116 
Pectine, 227 

Pellet’s continuous tube, 210 
Pellet’s flasks, 216 
Pentosans, 11 

Periods, division of season, 372 
Peters-Phelps color units, 395 
Petree process, 55 
pH (see also H-Ion Concentration) : 
bone-black, 173 
buffer action, 275 
char filtration, 172 
clarification, 46 
color comparator, 278 
Helige, 281 
definition, 274 

determination, chlorimetric, 276 
electrometric, 282 
errors in, 281 
indicators, 277 
recording, 47 
spot test, 280 

determination, in bone-black, 186 
in juice, 318 
in molasses, 329 
in refinery liquors, 161, 280 
in sirups, 320 
dyes, 277 

pipette, Koch, 280 
effect on color determinations, 286 
in refinery control, 161, 184 
of raw oane juice, 14 
standards, 277 
celluloid, 280 
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pHf standards, glass, 281 
test papers, 281 
Phenacetolin solution, 410 
Phenolphthalein (Dupont) paper, 409 
solution, 409 

Phosphates, determination in juice, 318 
value of, in juice, 48 
Phosphoric acid, 76 
in refining, 153 
paste, analysis, 189 
Photo-electric colorimeter, 289 
Pneumercator, 181, 368 
P2O5, in juice, 48 
P O J seedling canes, 7 
Polar! meter (ace Polariscope) 

Polariscope, 197 
adjustment, 207 
control tube, 308 
half-shadow, 198 
Bausch & Lomb, 203 
Bates-Fric, 201 
Frio, 200 
Peters, 202 

Schmidt and Haensch, 205 
triple field, 202 
“hundred-point,’* 205 
lamps, 206 

manipulation, 205, 221 
normal weight, 203 
observation tubes, 208 
scale, Ventzke, 203 
Bates-Jackson, 203, 208 
Polarization, and Clerget, relationship, 333 
dissolving the material, 213 
juice, 313 

limit of accuracy, 229 
mixing and filtering, 213 
molasses and massecuites, 327 
of Ught, 197 
of raws, average, 150 
press cake, 339 
sugars, 332 

temperature corrections, 228 
used synonomously with “sucrose,” 358 
weighing dishes, 213 
Polyphenols, 12 

Potassium permanganate, standard, 413 
Powdered sugar, 180 
Power, of cane factory, 120 
Pre-evaporator, 80, 116 
Pre-heating air for boilers, 36 
Preservation of juice and sirup, 84 
of samples, 301 

chloroform, 297, 303 
formaldehyde, 301 
mercuric chloride, 301 
sub-acetate of lead, 302 
Press-cake (see Filtei^press Cake) 

Price, calculation, raw sugar, 4 


Price, range, raw sugar, 2 
Pro^ectoscope, 138 
Pump, juice, strainerless, 33 
vacuum, 125 

Purchase of cane on analysis, 388 
Pure sugar, preparation, 410 
Purging sugars, 132 
double, 92, 133 

Purity (coefficient, exponent, quotient, de- 
gree), definition, 357 
determination, 183, 326 
tables. Home’s expanded, 493 
Kottmann's, 489 
true and apparent, 358 
Pyknometer, 257 
Newkirk, 323 

Q 

Quadruple effect, condenser water required, 
446 

Quartz control plates, 207 
R 

Haw sugars, average polarisation, 150 
classification, 136 
color, 148 
contamination, 141 
desirable characteristics, 137 
duty, 4 
dye test, 146 
filtrability, 142 
glucose, table for, 519 
hardening and caking, 134 
keeping quality, 137 
moisture and keeping quality, 189 
packing, 134 
price, calculations, 4 
range, 2 

refining quality, 141 
safety factor, 139 
scales, 368 

size of grain, 138, 142 
washing quality, 142 
washings, 151 
world production, 2 

Reagents, commercial, impurities in, 415 
special for sugar work, 408 
Reciprocals of numbers, tables, 523 
Records, laboratory and factory, 377 
Recovery number, 362 
Reducing sugars (see Glucose) 

Refined sugar, caking and hardening, 135 
candy test, 189 
classification, 180 
color, 189 
grain, 189 
grist test, 188 
packing, 180 
yield, 181 
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Kefinery technical control, 181 
Eefining, 149 

char .filtration, 162 
classification of liquors, 176 
cloth filtration, 155 
crystallization of the sugar, 176 
defecation, 152 
disposal of muds, 161 
drying and finishing, 178 
suchar, 175 

Refractometer, Abb6, 265 
dry substance, table, 478 
immersion, 266 
molasses and massecuites, 321 
with diluted solutions, 322 
Zeiss, 266 

Regnault’s formula, 102 
Rendment, 338 
Residual juice, 349 
definition, 356 
purity, 349 

Retention, definition, 362 
Revivification test, 186 
Bans standards, 186 
Rice’s table for invert sugar, 512 
Robbing steam from effects, 80, 114 
Rosalie acid, 409 
Run reports, 377 

S 

Saccharetin, 12 

Saccharimeter (see Polariscope) 
Saccharimetric analysis, errors in, 229 
Saccharose (see Sucrose) 

Safety factor, raws, 139 
Saline coefficient, 359 
Salts, solubility in sugar solutions, 436 
Samplers, care of, 301 
Sampling, and averaging, 296 
. bagasse, 296 
cane, 297 
devices, 298 
Calumet, 298 
Mercedita, 299 
juice, 297 
massecuites, 304 
molasses, 304 
press-cake, 303 
sirups, 304 
sugar, 305 
Sand filters, 68 
Sargent crucible holder, 243 
Satmution (see a/so Maceration) : 
calculations, 370 
definition, 370 
Scales, automatic, 179 
for juice, 366 
for raw sugar, 368 
Schmitz’s table for sucrose, 481 


Seed grain, 92 
Settling tanks, 50 
Settling the sirup, 82 
Shredder (see Cane Shredders) 

Sidersky's method sp. gr. molasses, 322 
Silica determination, 391 
Sirup, analysis, 320 
of foam, 350 
definition, 357 
glucose, table for, 518 
measurement and weight, 367 
reduction to 30° Baume, table, 448 
sampling, 304 
settling, 82 

Soda ash (carbonate), for juice, 76 
for massecuites, 76 
Soft sugars, 178, 180 
Solidified molasses, 100 
Solids by drying, 260 
by refractometer, 264 
Soxhlet-Fehling’s solution, 240, 411 
Specific gravity,' acid and alkali solutions, 
434 

Brix and Baum6 17)^° C, 451 
20° C, 459 
massecuite, 325 
molasses, 322 
Newkirk’s method, 323 
Sidersky’s method, 322 
Specific rotatory power, 198 
Specific thermal conductivity, 104 
Spencer, alpha-naphthol apparatus, 351 
bagasse digester, 347 
crucible holder, 242 
flask calibrator, 217 
glucose pipette, 316 
oven, for bagasse, 343 
for liquids, 263 

for molasses and massecuites, 321 
for sugars, 261 
vacuum switch, 263 
sucrose pipette, 313 
Stammer colorimeter, 289 
Steam boilers, 35 
consumption, 116 
economies in evaporators, 80 
tables, 127 
tests, 131 
vacuum pan, 121 
Sterilization of cane juice, 82 
Steuerwald’s Clerget method, 233 
tables of constants, 233 
Stock, calculations, refinery, 182 
in process, factory, 373 
refinery, 181 
Straining the juice, 30 
Strontium oxide, solubility in sugar, 437 
Subaoetate of lead solution, 410 
Suchar process, 175 
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Sucrose (see also Sugar an^.Cleiget), 
alpha-naphthol test^ 3dl 
Clerget method, 231 
juice, 315 
molasses, 327 
sugars, 333 

cobcdtous zutrate test for, 352 
extraction, average figure, 30 
calculation, 369 
definition, 356 

determination by chemical methods, 252 
fiber ratio, 857 
in bagasse, 345 
Norris method, 347 
repeated digestion, 347 
ansde disgestion, 345 
Spencer digester, 347 
table, 525 
in cane, 307 
in cattle food, 354 • 
in juice, 313 

in molasses and massecuites, 327 
influence of lead on rotation, 227 
inversion by adds, 192 
pipette, Spencer, 313 
(polarization) press-cake, 339 
pure, preparation, 410 
retention or recovery, 862 
Schmitz’s table, 481 
solubility of salts, 436 
true (Clerget) in juice, 315 
used synonymously with polarization, 358 
Sugar, alpha-naphthol test, 351 
as food, 5 
boiling, 87 
control, 371 
methods, 90 
refinery, 177 

cobaltous nitrate test, 352 
consumption per capita, 6 
crystallization, 86 
crystallized in massecuites, 329 
Dupont's method, 330 
Karcz’s method, 330 
dissolvers, 213 
factory calculations, 379 
flasks, 215 
calibration, 217 
cleaning, 216 
Kohlrausch’s, 339 
Pellet’s, 216 
tolerance, 215 
history of, 1 
in boiler feed water, 350 
automatic alarm, 352 
in stock in process, factory, 373 
refinery, 181 

losses in manufacture, 375 
molybdate test, 352 


Sugar, polarizatibti, 332 ^ ’ " 
temp^atures, enracB in, 
pure, prepidation, 410 ’ 
sampling, 305 
Treasury regulations, 305.. 
solubility, 433 
in alcohol, 437 

solutions, boiling points, 102, 433 
contraction on dilution, 321 
contraction on inversion, 438 
cubic foot and gallon 1734'* C, 471 
cubic foot and gallon 20** C, 476 
evaporation of, 105 
heating and evaporating, 103 
specific heat, 103 
wdghts, 368 
Sugar cane (see Cane) 

Sugars (see also Saw Sugar): 
analysis, 332 
ash determination, 335 
color determination, 337 
Clerget, 333 

deterioration on stmage, 138 
determination of gums, 335 
dye test, 386 
in the cane, 134 
iron in, 336 

moisture determination, 335 
by djying, 260 
by Spencer oven, 261 
rendment, 338 
Sulphate in limestone, 396 
Sulphated ash, determination, 269 
Sulphitation, after liming, 58 
Bach’s process, 58 
Louisiana process, 57 
tanks, 65 

Sulphur, analysis, 39$ 

Sulphur ovens, 64 
rotary, 64 

Sulphuric acid, for carbonation control, 413 
standard, 412 
Sulphurous acid, 76 
analysis, 398 

Sweetland filter-press, 157 
Sweet water, char, 167 
definition, 357 
press, 161 

T 

Tables, see list following Contents, page xvii 
Tanks, cylindrical, wantage, 425 
Temperature, conversion table, 424 
correction, Brix 17^® C, 458 
Brix 20® C, 469 
polarization, 228 
refractometer, 480 
influence on fermentation, 405 
Thermo-compressor, 81 
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Tin salt as a sugar wash, 77 
Total solids, by drying, 260 
by Carr-Sanburn msthod, 260 
by refractometer, 264 
Trash in cane, 30 

Treasury regulations for sampling, 305 
Trier for sugar, 305 

Triple effect, condenser water required, 445 
Turbidiscope, Horne and Rice, 189 
Turmeric paper, 409 
Turnplate, 22 
Tyrosin, H 

V 

Vacuum-pan, 86 
calandria type, 87 
cleaning coils, 83 
coil type, 86 

condenser water required, 442 
control, 371 
steam conditions, 124 
Vacuum pump, 125 
Vallez filter-press, 158 
Vapor cells, eraporator, 80 
Varieties of cane, 7 
Vi’rien control tube, 63 

W 

Wantage, calculation in cylinders, 425 
Warehouse for sugar, 136 
Warmoth disintegrator, 341 
Washed sugars, keeping quality, 140 
Water, condenser, 357 
conductivity, 273 
Dawson, 281 

density at different temperatures, 427 


Water, neutral, 281 

specific gravity at different temperatures, 
259 

weight of cubic foot and gallon, 428 
Wax, cane, 11 

Wedderburn method for copper, 243 
Weight per unit volume of sugar solutions, 
17H°C,471 
at 20® 0, 476 

Weights and measures, 365 
equivalents, tables, 418 
Westphal balance, 256 
White sugar processes, 57 
by carbonation, 59 
De Haan’s, 61 
double, 61 
single, 59 

by sulphitation, 57 
after liming, 58 
Karloff’s, 62 

by vegetable carbons, 63 
White sugars, classification, 136 
Williamson clarification system, 169 
Winter and Carp formula, 360 
World production, raw sugar, 2 

X 

Xanthin bodies, 195 

Y 

Yield, formula, 371 
of refined sugar, 181 
of sugar, stock in process, 373 

Z 

Zeiss refractometer, 266 




